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Isolation of Properdin From Human Plasma.*t 


(23453) 


R. B. PENNELL, F. RotustEtn, D. M. SurcENor, A. Evquem AND E. W. Topp 
(Introduced by J. R. Pappenheimer) 


Protein Foundation, Boston, and Institute of Pathology, Western Reserve University, Cleveland 


The presence in human serum of a protein, 
properdin, which together with complement or 
substances resembling complement, in the 
presence of Mg** constitutes a natural defense 
mechanism of blood, was first reported by 
Pillemer and coworkers(1). A procedure was 
described for the separation and concentration 
of properdin activity from human serum. The 
procedure involves adsorption of properdin on 


* This work thas been supported mainly by Research 
Contract with Office of Surgeon General, Department 
of the Army, by contracts with the Office of Naval 
Research and grants from Commission on Immunolo- 
gy, AFEB, from the Nat. Heart Inst., P.H.S., from 
Kresge Fn., from the King Fn. and by contributions 
from industry. 

+t The authors are deeply indebted to the late Dr. 
Louis Pillemer of Western Reserve University for his 
interest in this work and in the advice which he has 
given freely, to Mr. Lewis Larsen of the Biologic 
Laboratories of the Mass. Dept. of Public Health, and 
to Mr. Marshall Melin of Protein Foundation Labora- 
tories for their assistance in providing plasma frac- 
tions. 


the insoluble yeast polysaccharide, zymosan, 
in the presence of other serum factors and 
Mg**(2).# 

The magnesium ion concentration essential 
for adsorption of properdin is absent from 
collected human plasma, either because mag- 
nesium is bound by a chelating agent such as 
sodium citrate or because the cations have 
been removed. by adsorption on a cationic ex- 
change resin. For this reason, Pillemer and 
his colleagues studied the isolation of proper- 
din only from human serum where the cati- 
onic constituents of blood are essentially un- 
changed. To make properdin available in the 
quantities essential for its careful clinical and 
chemical characterization, a scheme for its 
preparation from plasma without alteration of 
other plasma components is desirable. Where- 
as schemes of plasma fractionation permitting 
the isolation of many components from a 
single plasma pool have been in common use 
for the preparation of plasma fractions on a 


{ Pillemer, L., and Blum, L., to be published. 
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large scale since World War I, serum has not 
been similarly fractionated since all the com- 
ponents of the clotting system have been re- 
moved or altered in its preparation. Plasma 
is thus available in quantity in many labora- 
tories while serum is not. 

The present paper reports the successful 
application of the procedure described for 
serum to plasma from blood collected through 
a cationic exchange resin and to plasma from 
blood collected in ACD solution. Certain 
modifications have been introduced which in- 
crease the efficiency of the technic in terms of 
time and volume. Preliminary studies which 
indicate the successful separation of properdin 
activity from plasma without the use of zy- 
mosan are reported. 

Materials. The blood employed was col- 
lected either in ACD solution, (acid-citrate- 
dextrose solution, prepared according to NIH 
formula A) or through cationic exchange re- 
sins (IRC-50 or Dowex-50) in the ADL-Cohn 
Blood Fractionator(3). Zymosan was ob- 
tained commercially.’ Water baths capable 
of maintaining the desired temperature to + 
1°C were used for temperature control during 
both adsorption and elution of properdin. 
Zinc glycinate(4) reagent was used for the 
introduction of zinc ions. The stock barbital 
buffer for suspension of zymosan has been 
used as described(5), with the exception that 
magnesium and calcium are omitted. The 
barbital buffer used during elution is as de- 
scribed(5). Procedures. The zymosan ad- 
sorption technic for the preparation of pro- 
perdin described by Pillemer et al.(5) was 
followed closely with only those modifications 
specifically noted. The procedure has been 
found to be perfectly reproducible. Applica- 
tion of the procedure to human plasma in- 
volves the maintenance of a sufficient concen- 
tration of Mg** ions without the induction of 
clotting. A. Application to Resin-Collected 
Plasma. Under the standard conditions of 
flow rate and contact time used in collecting 
blood by passage over a sodium cycle cationic 
exchange resin, the concentration of Ca** ++ 


§ Zymosan from lots 5B171 and 6B14 has been 
purchased from Fleischman Yeast Division, Stand- 
ard Brands, Inc. 
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Mg** ions is reduced to approximately 5 x 
10° M(6). Addition of Mg** ions to resin- 
collected plasma to a concentration of 10% M 
does not initiate any overt coagulation proc- 
ess. The zymosan adsorption of properdin 
may then follow with successful removal of 
properdin activity from the plasma. In 20 
runs, in which the resin-collected plasma had 
an average properdin activity of 4 units per 
ml,|! less than 1 unit per ml of properdin re- 
mained in the plasma after zymosan adsorp- 
tion. B. Application to ACD Plasma. In 
the presence of sodium citrate, magnesium 
and other cations are bound by the citrate 
ions. Saturation of the citrate ions with added 
Mg** ions leads to liberation of Ca** ions, the 
association constant of the Ca-citrate com- 
plex being smaller than that of the Mg-citrate 
complex. The liberated Ca~~* ions participate 
in the initiation of the coagulation process. 
This may be prevented by prompt adsorption 
of prothrombin and other clotting components 
onto BaSQ,'(7,8). As with resin-collected 


plasma, zymosan adsorption of properdin 
may then be successfully applied. Details 
of the technic are given in the flow 


sheet (Table I). It is to be noted that 
the BaSO, adsorbed plasma is considered 
to be devoid of free Mg** ions and is, there- 
fore, made 10° M in Mg* ions before incu- 
bation with zymosan. In 4 runs, in which the 
ACD-collected plasma had an average proper- 
din activity of 4 units per ml,|| less than 1 
unit per ml of properdin remained in the 
plasma after zymosan adsorption. C. Table 
I presents a flow sheet of the technic em- 
ployed for isolation of properdin from both 
types of plasma in our laboratory. The es- 
sence of the method remains the same as 
originally presented by Pillemer e¢ al. The 
few modifications are noted. (1) Tempera- 
ture of incubation for adsorption of properdin 
on Zymosan: The temperature at which 
properdin has been adsorbed onto zymosan 


|| It has been found difficult for technical reasons 
to obtain accurate properdin determinations in plas- 
ma, particularly in ACD plasma. The properdin 
values given for plasma before zymosan adsorption 
should be considered to represent minimal values. 

| Baker, C. P. BaSO, has been found superior 
to other brands for this purpose. 
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TABLE I 
Resin-Collected Plasma ACD Plasma 
20 mM Mg ++ 
100 gms BaSO4/L plasma 
0°- 2°C stir 15 min. 


Plasma Supernatant BaSOq carrying 
(assumed devoid of Mg++) clotting components 
=a | 


as 
ImM Mg++ 

pH 69, T=15°C 

40 ml. zymosan susp. (50 mg/m!)/L plasma 
stir | hour 


Centeltvars at 1°C, 30 min. 2300 xg 


7 
PZ (Properdin-Zymosan complex) 
Washed 3x with pH 6 phosphate-saline 


buffer We plasma volume) 
Centrifuged as above 


— 
RP (Plasma supernatant 
for fractionation) 


1 
Woshed PZ 

Eluted with 1/8 plasma volume 
T/ 2 0.64 veronal-NoCl buffer 
at 37°C for | hour 


Centrifuged for | hour, 1°C, 2300 xg 


r 
Woshings 
Discarded 


~ 
Eluote 
Add Sml 0.5 M zinc- glycine 


—— 
Zymosan Reserved 
tor reclamation 
buffer/!00 ml eluate to give 
25 mM in zinc 
aca let stand 2 hours 
Centrifuge for 30min. 1°C 2300xg 


Supernatant 
Discorded 


Zine-Properdin Ppt. 
Dissolved in O.25M EDTA 
pH 7, 3ml for every | ml 
of 0.5 M zinc-glycinate added 
Dialyzed in distilled H,0 
pH of dialyzed O°C solution 
adjusted to 5.6 Stand for 30 min. at O°C 


Centrifuged at I°C, 30min 2300xg 


Ppt. dissolved in minimal amount of 
pH 16 buffer or saline 
Centrifuged as above 


Supernatant 
Discarded 


Supernatant™ 
crude properdin 


PP1. dissolved in 
1/2 previous volume 


of buffer 
Centrifuged as above 


i = 
Supernatant combined 


Precipitate 
Discarded 


* curther concentration of properdin activity can be achieved by high speed centrifugation 
in the Spinco preparative ultracentrifuge. (6) 


Isuelioe Guat?) Adjustment) .0f ipl: Ace- 
tate buffer (pH 4, 0.2 ionic strength) has been 
substituted for 1.0 N hydrochloric acid for 
adjustment of the plasma to pH 6.9 prior to 
addition of zymosan. Local concentration of 
hydrogen ions which might produce irre- 
versible alteration of plasma proteins is less 
likely to ensue from the use of acetic acid 
rather than from completely ionized hydro- 
chloric acid. The mixture may, alternatively, 
be adjusted to pH 6.9 by bubbling CO: 
through it. This procedure also avoids the 
use of strong acids but has the disadvantages 
of being time consuming and of possible sur- 
face denaturation of protein by the stream 
of bubbles. As indicated by Pillemer e¢ al., 
the pH of the zymosan-plasma mixture rises 
during the hour’s incubation at 15°C(1,5). 
We have found this rise in pH to be due to 
loss of carbon dioxide during stirring. Main- 
tenance of constant pH 6.9 has been obtained 
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by imposing a layer of carbon dioxide over 
the mixture while the pH is monitored by an 
automatic titrator.** (3) Elution volume: It 
has been found that a volume of buffer 
equal to 1/8th the volume of original plasma 
is adequate for elution of properdin from the 
zymosan-properdin complex.tt The buffer is 
made by mixing 0.09 plasma volume of ver- 
onal buffer (pH 7.4, 0.19 ionic strength) with 
0.035 plasma volume of 2 M NaCl solution. 
The buffer is warmed to 37°C before suspen- 
sion of the washed zymosan-properdin com- 
plex(5). (4) Precipitation of properdin by 
zinc ions: Properdin has been found to form 
a water-insoluble zinc complex. Thus when 
zinc glycinate reagent was added directly to 
the eluate to a final zinc concentration of 25 
mM at pH 7.1-7.5, quantitative precipitation 
of zinc-properdin occurred. The precipitated 
properdin complex may be dissolved in small 
volume in the presence of ethylene-diamine- 
tetra-acetic acid (EDTA), thus greatly reduc- 
ing the volume of fluid which must be dia- 
lyzed with a concomitant reduction in time of 
dialysis. The volumes suggested in the flow 
sheet result in solution of the properdin-zinc 
complex at 1/50 plasma volume. In large 
scale fractionation, where plasma volumes may 
be as great as 300 to 1000 liters of plasma, 
this solution may be accomplished satisfac- 
torily at 1/500 plasma volume. (5) Solubil- 
ity of properdin in water: After dialysis is 
completed, the dialyzed material is adjusted 
to pH 53.6 by careful addition of acetate buf- 
fer. Elevation of the ionic strength of the 
mixture must be avoided insofar as possible. 
Qualitative observations indicate that, in 
water, the pH of minimum solubility of 
properdin is close to 5.6(9). This is highly 
suggestive that the iso-electric point of 
properdin is near this pH value. Addition of 
a small amount of salt to the precipitated 
complex will dissolve the properdin at pH 
5.6, showing the protein to exhibit the classi- 
cal euglobulin behavior. 


Results. Comparison of resin-collected and 
ACD plasma as sources of properdin. In 


** Radiometer Titrator manufactured by Radio- 
meter Co., Copenhagen, Denmark. 
tt E. W. Todd and L. Pillemer, to be published. 
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TABLE II. Comparative Properdin Recovery from 
ACD and Resin Plasma Prior to Ultracentrifuga- 
tion. 


Units of properdin recoyered/ml 
of original plasma 


Age of plasma ACD plasma Resin plasma 
1 to 2 days 2.18 (2 runs) 2.45 (11 runs) 
1 to 2 wk ADS Cy LGC 

Ca 


1 mo or more alt ll 


Table II, it is evident that properdin may be 
prepared from both fresh ACD and _ fresh 
resin-collected plasma although recoveries 
were somewhat better when the source ma- 
terial was resin-collected. Establishment of 
the feasibility of ACD plasma as a source of 
properdin is important, however, for this is 
the form in which essentially all of the hu- 
man plasma available for fractionation occurs. 
It has been found difficult for technical rea- 
sons to obtain accurate properdin determin- 
ations in plasma, particularly in ACD plasma. 
The values obtained are often lower than the 
actual titer as witnessed by the eventual re- 
covery of more than the original amount of 
properdin as calculated from the plasma value. 
To avoid confusion from this source, recov- 
ery of properdin activity is expressed (in 
Table II and other tables) as units recovered 
per milliliter of starting plasma, assuming 
that original pooled plasma properdin titers 
will vary only within a limited degree. 

Age of plasma as a factor in properdin 
yields. Although human plasma should be 
fractionated promptly upon collection for op- 
timal results, a major source of plasma for 
fractionation is from outdated blood (3 weeks 
or more after collection) from hospital blood 
banks. It has been shown that albumin and 
gamma globulin can be satisfactorily prepared 
from such plasma(10,11). Table II presents 
the recovery of properdin from plasma of 
varying age. The decrease of yield with the 
age of the plasma is undoubtedly due, at jeast 
in part, to the loss of plasma factors essential 
for properdin adsorption on zymosan. Some 
of the components of complement are known 
to become inactive during plasma storage. 
Nevertheless sufficient properdin can be re- 
covered from outdated plasma to suggest that 
this major plasma source can be of value for 
large scale preparation of properdin. 


HuMAN PLASMA 


Comparison of properdin recovery follow- 
ing zinc precipitation and following dialysis of 
the total eluate. From Table III, it is evident 
that essentially identical recovery of proper- 
din was obtained whether or not the original 
eluate was dialyzed in toto or whether advan- 
tage was taken of the zinc precipitability of 
properdin to reduce the volume to be dia- 
lyzed. 

Recovery of properdin in fraction I. Cold 
ethanol Method 6 of Cohn and collaborators 
(12) has been used in a preliminary study of 
the feasibility of preparing properdin by di- 
rect plasma fractionation without recourse to 
the use of zymosan. The major portion of the 
properdin activity is to be found in Cohn 
Fraction I when this fraction is precipitated 
at pH 6.9 or lower. This has proved true in 
7 consecutive runs both for fresh resin-col- 
lected plasma and for plasma from outdated 
ACD blood. In 2 experiments designed to 
isolate properdin activity, 90-95% of the 
total properdin activity of the original plasma 
was recovered in a subfraction of Fraction I. 
Eventual recovery of properdin by direct frac- 
tionation appears extremely hopeful, thus 
eliminating the need for the costly and vari- 
able zymosan, except for assay purposes. Re- 
covery of properdin from outdated plasma by 
direct fractionation will presumably not be 
dependent on the labile plasma components 
essential for the interaction of properdin with 
zymosan. 

Pillemer has reported(1) the major proper- 
din activity to be localized in Fraction III 
prepared from serum by the method of 
Deutsch(13). In our laboratory, as well, the 


TABLE III. Comparison of Properdin Yields by 
Dialysis Procedure and by Zine Precipitation Pro- 
cedure Prior to Ultracentrifugation. 


Units of properdin recovered 
per ml of original plasma 


Dialysis Zine precipitation 

Run procedure procedure 
323 P 3.0 2.1 
327 2.5 ea 
328 2a 2.5 
329 3.7 47 
330 2.5 2.6 
HP-2 5 6 
331 2.5 3.5 

Avg 2.4 2.4 
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properdin activity not found in Fraction I ap- 
pears in Fraction III. Careful definition of 
the variables responsible for the distribution 
of,properdin during fractionation of plasma is 
being pursued. 

Summary. Methods have been presented 
for the preparation of properdin from resin- 
collected and from ACD plasma by the ap- 
plication of the zymosan adsorption technic of 
Pillemer e¢ al. Preliminary data are presented 
suggesting the feasibility of the isolation of 
properdin from Cohn Fraction I without the 
use of zymosan. 
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Some Factors that Influence Utilization of Antihemophilic Activity 


During Clotting.* 


(23454) 


GeorGE D. PENIcKt (Introduced by K. M. Brinkhous) 
Department of Pathology, University of North Carolina, Chapel Hill, N. C. 


When normal blood or plasma clots, it loses 
its antihemophilic activity(1). If plasma is 
first adsorbed with BaSO,, antihemophilic 
factor (AHF) remains in the adsorbed plasma 
even after recalcification; it thus is stabilized 
by the adsorption procedure. This paper de- 
scribes the effect on AHF utilization of adding 
various plasma and serum preparations and 
derivatives to this stabilized plasma. It was 
found that only when a source of thrombin 
was added would AHF disappear. Within 
the lower range of effective thrombin concen- 
trations, the rate of loss of AHF was propor- 
tional to the amount of thrombin available. 
Preliminary reports of some of these data 


* This investigation was supported by the Research 
and Development Division, the Office of the Surgeon 
General, Department of the Army. 

+ Markle Scholar in Medical Science. 


have been made previously (2). 


Materials and methods. Oxalated plasma 
and native, platelet-poor plasma were pre- 
pared as previously described(1). PTC- 
deficient plasma was obtained from a patient 
with a moderately severe disease character- 
ized by hemarthrosis and hematuria. Plasma 
deficient in Stuart factor was from the patient 
described by Hougie and associates(3). “D71- 
cumarol plasma” was prepared from a dog to 
whom 1400 mg dicumarol had been adminis- 
tered over a 13-day period. “Stabilized 
plasma’ was made by twice adsorbing oxa- 
lated plasma with BaSO, (Merck R; 100 
mg/ml at 28°C for 20 min). Normal and 
hemophilic canine sera were obtained from 
blood allowed to stand in glass for 24 hours. 
Serum accelerator factor (SAF) was prepared 
as described earlier(4). Plasma thromboplas- 
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TABLE I. Effect of Various Plasmas, Sera, or Fractions on AHF in Stabilized (Adsorbed) 


Plasma. 
Sennen ee ESS — eee 


Residual AHF as % initial 


0 level 
prothrombin oe 
in test Reaction period in min. 
Exp. No. Material tested material 5 15 30 
I. Controls " 
il Oxalated saline (mean of 9 tests) 0 — — 98 + 11.7 
2 Normalecanine plasma( ” ” 4 ” ») 100 ISSO tas eete <5 
3 ee labangsn, gee ca ) 100 <5 8 + 4.6 <5 
II. Normal serum and serum fractions 
4 Normal canine serum <5 95 82 70 
5 Canine SAF (100 Alexander U/ml) <<a) 84 89 97 
6 Adsorbed canine serum <5 — 97 93 
7 Human PTC preparation <5 88 82 82 
III. Deficient plasmas and sera 
8 Dicumarol canine plasma <5 98 97 97 
9 Hemophilie¢ 105 <5 <<Go) <5 
10 PTC-deficient human plasma alls} <<ab) <5 <5) 
11 Hemophilic canine serum 18 17 <5 <5 
12 Stuart-factor deficient human plasma 86 39 22 12 


tin component (PTC) was made by the 
method of White, Aggeler, and Glendening 
(5). The prothrombin used was adsorbed 
from canine oxalated plasma with Al(OH)s; 
and eluted with phosphate buffer; it con- 
tained 3000 Iowa units/mg N. Thrombin 
was obtained by activating a canine prothrom- 
bin preparation with 25% sodium citrate(6) ; 
it contained 5000 units/mg N. Bovine AHF 
was made by a modification of Bidwell’s pro- 
cedure(7) and was diluted to approximate the 
activity of canine plasma. Ovxalated saline 
consisted of 1 part 0.1 M sodium oxalate in 
99 parts saline (0.15 M NaCl). Crude 
cephalin was made from dog brain(8). The 
two-stage method of prothrombin determina- 
tion(9) was used. Assays of AHF were per- 
formed by the method of Langdell, Wagner 
and Brinkhous(8). 

Procedure. The following test system for 
studying AHF utilization was employed. All 
plasma and test materials were first dialyzed 
against oxalated saline for 2 hours at 4°C 
with constant agitation. Reagents were mixed 
in the following order and amounts: 1.4 ml 
stabilized plasma, 0.1 ml imidazole buffer 
(pH 7.3), 0.1 ml 0.3% cephalin, 0.1 ml test 
material, 0.24 ml 1.2% CaCly. After varying 
reaction periods up to 30 minutes, 0.4 ml 0.1 
M sodium oxalate were added and residual 
AHF assayed after adsorption with BaSO,. 


Antihemophilic activity at zero time repre- 
sented 100% AHF. Slight variations in this 
basic procedure are indicated in the text. 
Whenever reagents were omitted, oxalated 
saline was substituted to maintain constant 
volume. 

Results. The effect on AHF utilization of 
adding various plasmas and sera to the test 
system is shown in Table I. Illustrative ex- 
periments only are given. Exp 1 demonstrates 
that AHF is stable in adsorbed plasma, even 
in the presence of cephalin and calcium. In 
another experiment of this type, not included 
in the table, 109% AHF was found after a 
reaction period of 6 hours. The rapid disap- 
pearance of AHF caused by only a small 
amount of canine or human plasma is illus- 
trated by Exp 2 and 3. When normal canine 
serum or its fractions were tested (Exp 4, 5, 
and 6), little or no loss occurred. The same 
relative stability was encountered when a 
human PTC preparation (Exp 7) or dicu- 
marol plasma (Exp 8) was added. None of 
the materials tested in Exp 4-8 contained suf- 
ficient prothrombin to be detected in the 2- 
stage assay. Hemophilic plasma (Exp 9) and 
plasma which was moderately deficient in 
PTC (Exp 10) were as effective as normal 
plasma in causing loss of antihemophilic ac- 
tivity; they contained normal amounts of pro- 
thrombin. In contrast to normal serum (Exp 
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FIG. 1. Effects of purified prothrombin and thrombin on AHF in stabilized plasma. Pro- 


cedures performed at 28°C in silicone-treated tubes. 
reaction mixtures. See text for complete test system. 


Indicated coneentrations refer to final 
A. Effect of various concentrations of 


purified prothrombin (indicated for each curve) on AHF utilization in the presence of calcium 


and cephalin. 


AHF utilization with calcium but not cephalin present. 
concentrations of thrombin on AHF utilization with and without added calcium. 
time = 30 min. Saline control (no thrombin) contained 95% AHF after 30 min. 


B. Effect of various concentrations of thrombin (indicated for each curve) on 


C. Comparison of effects of various 
Reaction 
D. Compari- 


son of AHF utilization rates in the presence of a constant concentration of thrombin (5 u/ml) 
with and without added calcium. 


4), hemophilic serum (Exp 11) produced 
prompt AHF loss; it contained 18% residual 
prothrombin. Thus, only those reagents that 
contained prothrombin effected a loss of anti- 
hemophilic activity under these conditions. 
Even when prothrombin was present, un- 
less it was readily converted to thrombin, the 
AHF persisted at high levels. Human plasma 
deficient in the Stuart factor formed thrombin 
slowly; although it contained prothrombin, 
only 54% was converted in 1 hour(3). There 
was a correspondingly slow drop in the AHF 
(Exp 12). To show further that AHF loss is 
related to conversion of some prothrombin to 
thrombin, both AHF and prothrombin were 
repeatedly determined in slowly clotting, 
platelet-poor plasma at 4°C. Under these 
conditions, both factors were relatively stable. 
In one experiment, after 2 hours, 103% pro- 
thrombin and 120% AHF were present. A 


flimsy fibrin clot then formed. During the 
next 30 minutes only 23% of the prothrombin 
was utilized, but all of the AHF disappeared. 

The effects of purified prothrombin and 
thrombin on the rate of AHF loss were 
studied next (Fig. 1). Fig. 1A demonstrates 
the results of adding various concentrations of 
purified prothrombin to the test system. In- 
creasing the amount of prothrombin caused 
increasingly rapid loss of AHF. As little as 
2 units/ml caused all of the AHF to be lost 
in 5 minutes. Cephalin and calcium were 
necessary constituents of these reaction mix- 
tures; without them, the prothrombin was not 
converted and no loss of AHF occurred. In 
the experiments shown in Fig. 1B and 1C, the 
loss of AHF from stabilized plasma was pro- 
portional to the thrombin concentration. 
Cephalin was found to be unnecessary when 
this preformed thrombin was used, and was 
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omitted from these mixtures. Without ionic 
calcium, more thrombin was needed to cause 
a given loss of AHF (Fig. 1C). Even so, 
there was a linear relationship between the 
concentration of thrombin and the AHF lost. 
When calcium was added to the thrombin- 
plasma mixtures, all of the AHF disappeared 
with a thrombin concentration as low as 3 
units/ml. Relative rates of AHF loss with a 
constant amount of thrombin in the presence 
and absence of ionic calcium are compared in 
Fig. 1D. Progressive loss of antihemophilic 
activity occurred in the absence of calcium, 
but the reaction was markedly accelerated 
when calcium was available. 

Fibrinogen was present in the reaction mix- 
tures of each of the above experiments. Other 
experiments were done in which fibrinogen was 
reduced to trace amounts. In one, purified 
bovine AHF was substituted for stabilized 
plasma and thrombin was added as in Fig. 
1D. The rates of disappearance of antihemo- 
philic activity were similar to those obtained 
with stabilized plasma. Without added cal- 
cium, 56% AHF was lost in 30 minutes; with 
calcium present, all activity disappeared in 
less than 10 minutes. 

Discussion. These data suggest that throm- 
bin plays a major role in utilization of AHF 
during clotting. That some factor which is 
adsorbable onto BaSO, is required is demon- 
strated by the stability of AHF in adsorbed 
plasma after recalcification. This factor ap- 
pears to be diminished in dicumarol plasma, 
normal serum or preparations of SAF or PTC, 
all of which are poor thrombin sources. Plas- 
mas or sera that contain prothrombin, how- 
ever, whether normal, hemophilic or deficient 
in PTC or Stuart factor, will restore condi- 
tions that permit the AHF to disappear when 
cephalin and calcium ions are available to 
cause its conversion to thrombin. Preformed 
thrombin is able to cause the loss of anti- 
hemophilic activity from stabilized plasma or 
from purified AHF. Perhaps AHF is another 
molecule subject to the enzymatic splitting 
action of thrombin. Only small amounts of 
thrombin are required to inactivate AHF if 
calcium ions are available, a finding in keep- 
ing with our earlier impression that prompt 
and thorough decalcification is necessary for 


optimal preservation of AHF in stored blood 
(10). Commercial preparations of thrombin 
have been reported to be contaminated with 
profibrinolysin(11). Fibrinolysin can destroy 
AHF(12). It would seem unlikely that the 
thrombin preparation used in these experi- 
ments (prepared by adsorption, elution and 
citrate-activation) had significant fibrinolytic 
activity. However, effects of possible con- 
taminants of the purified reagents cannot be 
completely excluded. 

Reduction in the levels of circulating AHF 
has been observed in dogs subjected to cold- 
injury(13) and thromboplastin injection(15), 
two conditions that appear to be associated 
with systemic coagulation. The im vivo re- 
sponse to AHF appears to be a sensitive in- 
dex of intravascular clotting, probably be- 
cause only a small amount of thrombin is re- 
quired to cause loss of antihemophilic activ- 
ity. These conclusions are further supported 
by the depressions in circulating AHF that 
have been produced by injecting thrombin 
preparations intravenously(14,15). 

There is some discrepancy between our ob- 
servations and those made by Douglas(16). 
He observed a normal rate of disappearance 
of AHF in the absence of platelets; our ex- 
periments indicate a retarded rate if the 
platelets are sufficiently reduced to delay 
thrombin formation. This contrast might be 
explained by differences in methods. A simi- 
lar explanation probably applies to variations 
between our data and those of Johnson and 
Seegers(17). These authors did observe loss 
of activity of “platelet cofactor I” in the 
presence of thrombin and calcium, but none 
if calcium were omitted from the reactions. 

It is perhaps possible that AHF passes 
through a more active phase under the influ- 
ence of thrombin. Such a concept would be 
in keeping with an autocatalytic role of throm- 
bin and the formation of a “prothrombin con- 
version factor” as recently described(18). In 
Fig. 1A, it will be noticed that the most dilute 
thrombin elicited a brief hyperactive phase. 
In other experiments, this hyperactivity was 
of even greater magnitude, but was evanescent 
and difficult to reproduce consistently. 

Summary. A study has been made of the 
effects of various plasmas, sera and fractions 
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on AHF in= stabilized (BaSO,-adsorbed) 
plasma. Only reagents that provided a source 
of thrombin caused AHF to disappear after 
recalcification. Materials tested that pro- 
duced loss of AHF were: normal, hemophilic, 
PTC-deficient and Stuart factor deficient 
plasmas and hemophilic serum. All contained 
prothrombin. Those that produced no sig- 
nificant loss were: dicumarol plasma, normal 
serum, SAF, PTC and adsorbed serum; they 
contained no detectable prothrombin. Slow 
prothrombin conversion (e.g. Stuart plasma, 
platelet-poor plasma) was accompanied by 
slow AHF utilization. Removal of fibrinogen 
from reaction mixtures did not abolish AHF 
loss. Purified prothrombin caused utiliza- 
tion of AHF in proportion to its concentration 
if cephalin and calcium ions were present to 
cause conversion to thrombin. Preformed 
thrombin was also effective in proportion to 
its concentration; its effect was accelerated by 
calcium ions. The significance of these find- 
ings is discussed in relation to blood preserva- 
tion, intravascular coagulation and_ basic 
clotting reactions. 


Grateful acknowledgement is made to Robert H. 
Wagner for supplying the purified prothrombin, 
thrombin and bovine AHF and to Cecil Hougie for 
the purified PTC used in this study, and to Elizabeth 
H. Hendrick and Ira D. Godwin for their technical 
assistance. 
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Tissue Culture. 
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The use of tissue culture methods for iso- 
lation and propagation of the viruses of 
mouse(1) and human(2-4) salivary gland 
disease and the attendant development of 
technics for their serological study suggested 
similar efforts to establish the salivary gland 


virus of guinea pigs. Andrewes(5) found 
that the inoculation of suspensions of infected 
salivary glands into modified Maitland cul- 
tures of guinea pig testis regularly resulted in 
development in 3 to 6 days of intranuclear in- 
clusion bodies in mononuclear cells in the in- 
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terstitial tissues. Active virus was recover- 
able for at least 5 days by subcutaneous in- 
oculation of young guinea pigs with culture 
fluids. However, all attempts to pass the 
virus serially in tissue cultures failed. The 
present report is concerned with the success- 
ful propagation of a strain of the guinea pig 
salivary gland virus in tube cultures of guinea 
pig tissue, and the application of serological 
technics to its identification. 

Methods. Tissue cultures. Explant cul- 
tures of guinea pig submaxillary gland and 
embryonic guinea pig muscle were prepared 
by the plasma clot technic and were grown 
and maintained in a modification of Enders’ 
beef amniotic fluid medium(6,7). Trypsin- 
dispersed stationary tube and 8 oz. bottle cul- 
tures were prepared from embryonic guinea 
pig muscle and were grown in 15% guinea 
pig serum in Eagle’s basal medium(8), to 
which soybean trypsin inhibitor (0.005%) 
was added; after satisfactory outgrowth of 
cells, usually in 4 to 7 days, cultures were 
washed 3 times in Eagle’s basal medium and 
thereafter maintained in 5% horse serum in 
Eagle’s basal medium. The cell sheet con- 
sisted almost exclusively of elongated poly- 
gonal or spindle-shaped cells, which appeared 
to be fibroblasts; occasional small islands of 
epithelium were present in a few cultures. All 
media contained penicillin (250 units per ml) 
and streptomycin (250 ug/ml). Tube cul- 
tures contained 1 ml of maintenance fluid and 
were changed twice weekly; bottle cultures 
contained 20 ml and were changed once 
weekly. Virus. Strain 1. Healthy guinea 
pigs harboring the salivary gland virus were 
supplied by a dealer in Yonkers, N.Y. The 
virus was established in serial passage in 
guinea pigs from the N.I.H. colony (“N.I.H.” 
strain) by subcutaneous injection into the re- 
gion of the salivary glands using 0.2 ml of a 
10% suspension of submaxillary glands from 
2 infected animals; passages were made at 3- 
to 4-week intervals. Histological examina- 
tion of submaxillary glands harvested at each 
passage revealed typical intranuclear inclu- 
sion bodies within enlarged duct cells, with 
varying degrees of mononuclear cell infiltra- 
tion. No overt disease was associated with 
infection by this route. The virus carried in 


serial passage may represent a mixture of 
strains since 7.7% (3/39) of control “N.I.H.” 
strain guinea pigs aged 5 months or older were 
naturally infected, as evidenced by infrequent 
salivary gland inclusions. The tissue culture 
passage line was initiated by inoculation of 
guinea pig embryo muscle explant cultures 
with 0.2 ml of a freshly prepared, lightly cen- 
trifuged 10% submaxillary gland suspension 
from the second guinea pig passage. Serial 
passages in tissue culture were made with 0.1 
or 0.2 ml of culture fluid containing whole or 
ground cells harvested at the time of severe 
cytopathogenic effects. Strain 2. Infected 
submaxillary gland material from guinea pigs 
supplied by another dealer in New York 
State, was the source of a second serial pas- 
sage line initiated and carried in ‘‘N.I.H.” 
strain animals. Complement Fixation Test. 
The technic was a modification of the Beng- 
tson procedure(9,10). The source of comple- 
ment was serum from 6- to 8-week-old guinea 
pigs of a strain (“Hartley”) apparently free 
of infection; the serum was preserved at 4°C 
in hypertonic salt solution, one part of satu- 
rated NaCl to 9 parts serum(9); activity 
comparable to that of commercial lyophilized 
complement was maintained for at least 6 
weeks. Virus and control antigens consisted 
of tissue culture cells ground in a TenBroeck 
grinder and suspended in culture fluid; anti- 
gens were usually heated at 56°C for 30 min- 
utes. Standard positive serum for titrating 
antigens was hyperimmune guinea pig serum 
or commercial complement having high titer 
antibody. Serums were inactivated by heat- 
ing at 56°C for 30 minutes immediately be- 
fore use. Neutralization test. Virus prepa- 
rations consisted of supernatant fluid of fresh 
homogenates of severely affected cells in cul- 
ture fluid, centrifuged at 1000 rpm for 10 
min. Tests were performed in trypsin-dis- 
persed cultures, using the technic described 
for the adenoviruses(11). Because of diffi- 
culty in obtaining complete neutralization, 
the criterion of neutralization was cytopathic 
effects less than one-half the virus control 
reading on the day when the latter first 
showed 2-plus or greater involvement. His- 
tology. Tissues were fixed in Zenker’s- 
formalin and stained with Giemsa stain. 
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Results. Tissue culture isolation of strain 
1. Primary inoculation of explant cultures 
of guinea pig embryo muscle with infected 
submaxillary gland suspension produced in 
10 days small foci of enlarged, round, refrac- 
tile, smoothly outlined cells in the fibroblast 
outgrowth. By the 20th day, the focal areas 
had extended to involve more than one-half 
the fibroblasts; at 28 days, there was almost 
complete involvement and many necrotic 
cells were present. The characteristic changes 
were reproduced on transfer of fluid contain- 
ing ground cells to both trypsin-dispersed and 
explant cultures. Cytopathic changes were 
not seen in explant cultures until the 24th day 
after inoculation, but the incubation period 
in trypsinized cultures was 6 days and all 
cells were involved in 12 days; consequently, 
trypsin-dispersed cultures were used for all 
subsequent passages. After 10 passages, the 
incubation period shortened to 2 or 3 days, 
with complete degeneration occurring within 
6 to 8 days. The virus was carried through 
22 serial passages, representing a theoretical 
dilution of the original inoculum of 10°°°. In 
stained preparations made at_ intervals 
throughout the passage series, the majority of 
cells contained large, elongated, often kidney- 
shaped, eosinophilic intranuclear inclusion 
bodies with marginated chromatin and a clear 
halo. The inclusions closely resembled those 
produced by the human salivary gland virus. 
Definite cytoplasmic inclusions were not ob- 
served. 

Repeated attempts to infect tissue cultures 
of human cells with the guinea pig agent, and 
vice versa, were completely negative. 

Complement fixing antigen was demon- 
strated with regularity in cultures showing se- 
vere cytopathic changes; highest antigen 
titers (1:8 or, rarely, 1:16) were obtained by 
grinding the cells and suspending in super- 
natant fluid. Commercial guinea pig comple- 
ment from each of 5 companies was found to 
contain antibody against the guinea pig 
salivary virus antigen prepared in tissue cul- 
ture, in titers of 1:64 to 1:256. Consequently, 
serum from young guinea pigs, demonstrated 
to be free of antibody, was used for comple- 
ment. The commercial complement served 
as a positive standard reference serum. 
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CF antibody-free guinea pigs inoculated 
with either strair~’ 1 or strain 2 guinea pig 
passage virus regularly developed CF anti- 
body titers of 1:64 within 3 weeks. Titers of 
1:128 or greater were found in guinea pigs 
hyperimmunized with submaxillary gland sus- 
pensions infected with either strain. No re- 
actions were obtained when control guinea 
pig tissue culture antigens were tested against 
a number of strongly positive antiserums. No 
serological relationship could be demonstrated 
to the human or mouse salivary gland viruses. 

Poorly adapted virus in early tissue culture 
passage was generally unsatisfactory for tis- 
sue culture neutralization tests, because of ex- 
tended incubation periods of cell-free virus 
suspensions and the difficulty in neutralizing 
virus in cell suspensions. After the 7th tissue 
culture passage, there was generally enough 
virus activity in centrifuged cell homogenates 
to permit satisfactory tests. Development of 
neutralizing antibody was demonstrated with 
regularity in guinea pigs infected with either 
animal passage or tissue culture passage virus. 

Identification of the tissue culture isolate 
as the virus of guinea pig salivary gland dis- 
ease was indicated by the characteristic inclu- 
sion bodies produced in tissue culture cells 
and the ability of tissue culture virus to dem- 
onstrate neutralizing and complement-fixing 
antibody responses in animals infected with 
submaxillary gland virus from two animal 
passage lines. In order to provide supportive 
evidence, attempts were made to reproduce 
with tissue culture passage virus the patho- 
gnomonic features of spontaneous salivary 
gland disease and the acute meningitis result- 
ing from intracerebral inoculation of virus- 
containing submaxillary gland suspensions 
(12). Virus from the 10th tissue culture pas- 
sage was used; this material produced charac- 
teristic cytopathic effects in 2 days when in- 
oculated into tissue culture and represented a 
10°°° theoretical dilution of the original sub- 
maxillary gland suspension. Four 4- to 5- 
week-old guinea pigs from the virus-free col- 
ony were anesthetized with ether, a portion of 
the right submaxillary gland was removed for 
sectioning, and 0.2 ml of virus inoculated sub- 
cutaneously into the area of the left submax- 
illary gland. At 13 and 22 days, 2 animals 
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were sacrificed and the left gland was re- 
moved. Blood specimens were obtained be- 
fore inoculation and at sacrifice. Preinocula- 
tion submaxillary gland biopsies were uni- 
formly negative, while post-inoculation sec- 
tions showed characteristic salivary gland dis- 
ease histopathology, varying in intensity from 
scattered foci of mononuclear infiltration with 
few inclusions to more widespread infiltration 
with moderate numbers of inclusions, several 
ducts containing 5 to 8 inclusions in a single 
cross section. Virus was recovered from all 4 
glands in tissue culture either on primary iso- 
lation or after one blind passage. Both ani- 
mals sacrificed at 22 days demonstrated CF 
antibody responses, the titer increasing from 
<1:8 to 1:8 in one animal, and from <1:8 
to 1:64 in the other. Neutralizing antibody 
in the latter animal rose from <1:5 to 1:40. 

Two guinea pigs of the same age and strain 
as the above animals were inoculated intra- 
cerebrally with 0.05 ml of the tissue culture 
virus and were observed daily for fever and 
symptoms. Fever was noted in 48 hours and 
typical symptoms of weakness, lack of coor- 
dination, and convulsive movement were evi- 
dent in 4 days, accompanied by a marked fall 
in temperature; the animals were sacrificed 
when moribund, on the 4th and Sth day re- 
spectively. Brain sections of both animals 
revealed marked mononuclear infiltration of 
the meninges, with typical intranuclear inclu- 
sions in mononuclear cells. A suspension of 
meninges and superficial brain tissue from one 
animal produced typical cytopathic changes 
in 6 days after inoculation into tissue cultures. 
Neither animal had detectable CF antibody 
in the preinoculation serum specimen. 

Additional isolation attempts. In the course 
of serial passages of the 2 strains of salivary 
gland virus in guinea pigs, 12 suspensions of 
submaxillary glands with inclusions were in- 
oculated into explant or trypsin-dispersed tis- 
sue cultures of guinea pig embryo muscle. 
Ten produced cytopathic effects identical with 
those seen with the strain 1 tissue culture line, 
with incubation periods of 3 to 10 days; at 
least 1 subsequent serial passage was possible 
with 5 of the 7 isolates so tested. 

One of the strain 2 isolates has been car- 
ried through 8 serial passages with findings 
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completely comparable to those with strain 1; 
much difficulty was encountered in maintain- 
ing the virus during the first 5 passages, but 
at the 6th passage the incubation period short- 
ened, and the virus has since passed readily. 
Strain 2 was not distinguishable from strain 
1 by CF or reciprocal tissue culture neutral- 
ization tests. 

No cytopathogenic effects were produced 
by one suspension of glands which did not 
contain demonstrable inclusions. 

Spontaneous degeneration of tissue cultures 
of infected salivary glands. Since the human 
salivary gland virus has been recovered from 
spontaneously degenerating tissue cultures of 
human adenoids(3), attempts were made to 
recover guinea pig virus by cultivating sali- 
vary gland tissue. In two experiments, ex- 
plant cultures were prepared from inclusion- 
containing submaxillary glands removed on 
the 17th and 21st day after animal inocula- 
tion with guinea pig passage virus. The first 
of these represented portions of the glands 
used in suspension to initiate the tissue cul- 
ture passage line of strain 1. Both sets of cul- 
tures grew well, producing primarily fibro- 
blastic outgrowth. On the 28th and 29th 
days, respectively, cytopathic changes devel- 
oped which were identical with those pro- 
duced by infected gland suspensions and tis- 
sue culture passage virus. Both sets of cul- 
tures produced complement-fixing antigen. 

Discussion. ‘The study presented here has 
indicated that the behavior of the guinea pig 
salivary gland virus in tissue culture is strik- 
ingly similar to that of the human salivary 
gland virus(2-4). The cytopathic effects of 
the agents are very similar, and are produced 
only in fibroblasts. In early passages, the 
viruses produced effects only after a pro- 
longed incubation period, the rate of progres- 
sion of cytopathic effects was slow, and the 
virus could be passed with ease only by using 
ground cells in the inoculum. In later pas- 
sages the virus was better adapted to growth 
in culture and could be passed with cell-free 
fluids. These similarities suggest that the 
guinea pig agent would be a useful model in 
studies designed to anticipate the natural his- 
tory of human salivary gland virus infection. 

The successful passage of the guinea pig 
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virus in tube cultures, in contrast to the un- 
successful attempts of Andrewes with sus- 
pended fragment cultures(5), perhaps is di- 
rectly comparable to the experience of Weller 
with varicella virus. Inoculation of tissue 
fragments with varicella or herpes zoster ma- 
terials resulted in inclusion body formation 
which could not be reproduced on serial pas- 
sage(13); however, using tube cultures and 
inocula containing cells, Weller was able to 
carry the viruses in serial passage(14). 

Summary. The guinea pig submaxillary 
gland virus has been successfully propagated 
in tissue culture, one strain having been car- 
ried through 22 serial passages. The tissue 
culture passage virus produced characteristic 
intranuclear inclusion bodies in tissue cul- 
tures, demonstrated complement fixing and 
neutralizing antibody responses in guinea pigs 
infected with animal passage virus, and pro- 
duced characteristic disease and _histopath- 
ology in susceptible guinea pigs. Commercial 
complement consistently contained high titer 
CF antibody. 


It is a pleasure to acknowledge the assistance of 
Mr. Horace C. Turner, who performed the comple- 
ment fixation tests. 
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Differential Photoreactivation of Escherichia coli after Exposure to 2650 


and 2250 A Ultraviolet.* 
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The authors have reported(1) that the 
fraction of the mutagenic and lethal effects 
of ultraviolet (UV) radiation in Escherichia 
coli cells that is photoreactivable is the same 
after exposure to 6 wave lengths ranging from 
2378 to 2967 A. The fraction of the effect 
that was photoreactivable was significantly 
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greater for mutation than for inactivation. 
Extension of these studies to 2250 and 2180 A 
has revealed some interesting differences in 
the response to photoreactivating (PR) light 
and in the response of different strains of EF. 
coli. 

Inactivation and mutation to streptomycin 
independence in EF. coli SD-4 was studied ini- 
tially. E. coli SD-4 is particularly well suited 
for tests of photoreactivation of mutations 
since a linear mutation-dose relation is ob- 
tained(1,2). The methods of preparation of 
cells for irradiation and of exposure to UV 
and PR light have been described(1). Muta- 


Oe ag ee 
CONTROL 
oa 
Sa O 


N/No 


Se 
> 
vs 
y 
oe es 
ro) 
ES 


SS m/108 


s 
SOS at Be ene oe 


SURVIVING FRAOTION (N/No) 
ro) 
a 

MUTANTS PER 10°(M/i08) 


3 
~ 


0.5) 20 30 40 50 60 70 
TIME OF PR LIGHT (min) 


Survival of Escherichia coli strain SD-4 
after irradiation with 2650 A ultraviolet. 


iMWGy, al, 


tion and growth assay methods were similar 
to those of Anderson(2). For photoreactiva- 
tion, the samples were placed in small Petri 
dishes and exposed at 37°C at a distance of 
20 cm to the radiation from an AH-5 250- 
watt mercury arc lamp. The glass envelope 
was not removed from the lamp and the radia- 
tion was filtered through a 5-cm layer of 10% 
CuSO, to absorb infrared radiation. 

Results. Typical photoreactivation curves 
of survival ratio and mutants per 10° surviv- 
ing cells are shown in Fig. 1 for SD-4 cells ex- 
posed to 2652 A ultraviolet. Similar curves 
are obtained for 5 other wave lengths between 
2378 and 2967 A. The photoreactivation 
curve for mutation is similar to that for inacti- 
vation with an approximately exponential de- 
crease in mutants per 10° reaching a minimum 
(maximum photoreactivation) at about 25 to 
30 min exposure, after which the number re- 
mains essentially constant. 

After exposure of SD-4 to 2250 UV, a quite 
differeit response to PR light is observed 
(Fig. 2). The survival ratio increases ini- 
tially after exposure to PR light until a maxi- 
mum is reached at 10 min exposure. Then 
there is an approximately exponential de- 
crease in survival ratio during continued ex- 
posure of the cells to PR light. This decrease 
in survival ratio is significantly steeper in 
slope than that experienced by the control 
cells during exposure to PR light and has been 
observed repeatedly after exposure to 2250 
and 2180 A UV. It appears that these shorter 
wave lengths in some manner sensitize the 
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SD-4 cells to PR light that, under our condi- 
tions, includes wave lengths in the range of 
about 3100 A up through the visible spec- 
trum. No effort was made to determine which 
wave lengths in this region were effective in 
producing this post-UV inactivation. The 
photoreactivation curve of mutants per 10° 
surviving cells again is quite similar to that 
for inactivation, with a minimum at 10 min 
exposure corresponding to the maximum for 
photoreactivation of the survival ratio. The 
mutants/10° survivors may increase with con- 
tinued exposure to PR light, but this is not 
certain. 


It appears that the magnitude of photore- 
activation of survival ratio after 2250 A UV 
is actually less than after exposure to 2652 A 
ultraviolet. The 2250 A photoreactivation 
survival curve is however a resultant of 2 op- 
posing processes, photoreactivation of UV- 
inactivated cells and inactivation of survivors 
of the UV exposure by the PR light. No at- 
tempt has yet been made to quantitate these 
opposing effects of PR light but it is obvious 
that the actual maximum of photoreactivation 
is greater than that indicated by the peak 
of the curve in Fig. 2, and may approach in 
magnitude that exhibited by cells after ex- 
posure to longer UV wave lengths. 


The response to PR light of a number of 
other strains of /. coli was studied to deter- 
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FIG. 2. Survival of Escherichia coli strain SD-4 
after 2250 A ultraviolet. 
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mine if the behavior exhibited by E. coli SD-4 
was unique. SD-4 is a streptomycin-depen- 
dent mutant of E. coli B/r(3), the radiation- 
resistant mutant of EF. coli strain B isolated by 
Witkin(4). £. coli strain 82/r is a purine- 
requiring auxotrophic mutant of E. coli B/r 
that was also employed by Anderson(2) in 
his studies of X-ray-induced mutations. Sur- 
vival of B/r and 82/r behaves quite similarly 
to survival of SD-4 exposed to PR light after 
2250 and 2652 A UV. Induced back-muta- 
tions in 82/r parallel the survival ratio in re- 
sponse to PR light, but it is known(1) that 
the apparent rate of mutation in 82/r is sub- 
ject to other influences than UV dose. 

A quite different response to PR light was 
noted after exposure of E. coli strain 42-24 to 
2250 A ultraviolet (Fig. 3). Strain 42-24 is 
a serine-glycine-requiring auxotroph obtained 
from Dr. R. Girolami and used by him in 
studies of X-ray-induced back-mutations in 
which a linear mutation-X-ray dose response 
curve was observed (personal communica- 
tion). With strain 42-24, almost identical 
photoreactivation of inactivation is observed 
after exposure to 2652 and 2250 A UV. There 
is no sensitization to PR light after exposure 
to 2250 A UV. Strain 42-24 also differs from 
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SD-4 in that the maximum of photoreactiva- 
tion is reached mor€ quickly and the slight 
decrease in survival ratio observed with SD- 
4 control and 2650 A-irradiated cells seems to 
be absent during the 60-min exposure of 42-24 
cells to PR light. The mutagenic response of 
strain 42-24 to UV is so small that statisti- 
cally accurate back-mutation data have not 
yet been obtained. 


Unfortunately, the origin of strain 42-24, 
which was added to the culture collection of 
the Biology Division of the Oak Ridge Na- 
tional Laboratory by the late Dr. E. H. An- 
derson, is unknown. However, judging from 
its growth characteristics, radiation response, 
and motility, we are quite certain that it is 
not a derivative of E. coli B or B/r. 


Conclusion. Our data establish that photo- 
reactivation of both inactivation and muta- 
tion occurs after exposure of Escherichia coli 
SD-4 to 2250 and 2180 A UV. The magni- 
tude of the photoreactivation after exposure 
to short-wave-length ultraviolet in E. coli 
B/r and its derivatives is confounded with a 
short-wave-length UV sensitization to inac- 
tivation by the PR light itself. The quite 
different response to photoreactivating light 
exhibited by E. coli strain 42-24, presumably 
not derived from LE. coli B/r, suggests that 
different strains may differ in response to UV 
and PR light. It would seem prudent, there- 
fore, to study a number of unrelated strains 
before generalizations are made concerning 
mechanisms of radiation action in bacteria. 
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Effects of Injection of Opaque Media for Selective Angiocardiography 


in the Dog’s Heart.* 


(23457) 


Russett A. McFatt, WALLACE O. AusTIN, Forrest H. ADAMS, 
AND BERNARD J. O'LOUGHLIN (Introduced by John M. Adams) 
Departments of Radiology and Pediutrics, University of California at Los Angeles 


Injection of radiopaque material into spe- 
cific areas of the human heart has become 
increasingly popular with the increasing use 
of diagnostic angiocardiography. Surgical 
therapy is frequently based upon anatomical 
and functional diagnoses secured in this way. 
Initially such opaque media were injected by 
hand syringe with a pressure of approximately 
60 Ilbs./sq. inch or 3,000 mm _ mercury. 
Mechanical and compressed air syringes are 
now being used which inject these materials 
with a pressure of 360-600 lb./sq. inch. The 
heart could conceivably be traumatized by 
such an injection. The usual cardiac dynamics 
could be upset by such an injection, yielding 
misleading diagnoses and inadequate or un- 
necessary surgery. We thought it worthwhile 
to look into this problem. 

Materials and methods. A standard radio- 
paque contrast material was injected into 
various chambers and great vessels on both 
right and left sides of the dog’s heart while 
pressures were being recorded in 2 of the 
other chambers. Electrocardiographic_trac- 
ings were obtained at the same time. Thirty- 
eight mongrel dogs weighing 7 to 18 kg were 
used in 68 experiments. They were anesthe- 
tized with intravenous nembutal. The jugu- 
lar and femoral veins were used for insertion 
of #9 Cournaud cardiac catheters on the right 
side and the carotid and femoral arteries used 
for the left side of the heart. One cc/kg dog 
doses of the contrast agent was injected by a 
compressed air syringe(1) at 6-8 kg/ 
cm? pressure. The resultant intracardiac pres- 
sures were transmitted through P 23 D Stat- 
ham strain gauges and recorded on an Offner 
galvanometer system. In those instances 
where more than one injection was made into 
the dog, the next injection was not started 
until demonstrable effect of the preceding in- 
jection had disappeared. Because some of 


* Supported by funds from Los Angeles County 
Heart Assn. 


these animals seemed to be developing gross 
lesions in the heart, the next two procedures 
were performed. In 16 dogs the only pro- 
cedure was a single injection of 50% Miokon. 
The catheter was then rapidly withdrawn. 
These animals were sacrificed 3 days later 
and the heart and great vessels were closely 
examined for evidence of recently acquired 
disease. In 2 dogs the only procedure per- 
formed was insertion of a #9 cardiac catheter 
into the right atrium and right ventricle re- 
spectively where it remained 45 minutes. Fol- 
lowing this, the catheter was withdrawn and 
these dogs were sacrificed 3 days later. Their 
hearts were obviously diseased. 


Results. Table I contains a summary of re- 
sults of the first 48 experiments in which ra- 
diopaque material was injected into a vessel 
or cardiac chamber and the effect on the elec- 
trocardiogram and intracardiac pressures was 
observed. Ventricular extrasystoles  fre- 
quently occurred with concomitant alteration 
in right ventricular and systemic pressures. 
Such an effect is illustrated in Fig. 1. This 
shows a reduced right ventricular pressure 
and ineffectual aortic pulse wave on the sec- 
ond, fourth and sixth systoles after injection. 
When injections were made into the inferior 
vena cava or aorta, these alterations were not 
observed. 


In the first group of 31 experiments re- 
ferred to above, the same dog was used for 


TABLE I. Electrical and Pressure Changes Re- 
lated to Site of Injection of Opaque Media. 


No. with No. with 
abnormal early pres- 

Site No. inj. ECG sure drop 
Superior vena cava 5 3 3 
lomo = 5 0 0 
Right atrium 6 4 3 
” ventricle 14 13 10 
Pulmonary artery 5 2 2 
Left atrium 1 IL il 
” ventricle 6 5 4 
Aorta 6 0 0 
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FIG. 1. Effect of inj. of opaque media on pressures and electrocardiogram. 


more than one experiment. As a result, the 
catheters remained in the heart and great 
vessels for several hours. Of the 13 dogs in 
these experiments, 8 dogs had subendocardial 
hemorrhage and/or thrombosis at post mor- 
tem examination. The site and nature of the 
abnormality are indicated in Table II with 
reference to the point and numbers of injec- 
tions. Fig. 2 illustrates the extensive nature 
of the subendocardial hemorrhage, and Fig. 
3 illustrates the nature of the thrombus for- 
mation. 

In the group of 16 dogs in which only the 
radiopaque material was injected and the 
catheter promptly withdrawn, no evidence of 
intracardiac disease was found. Thus it 
would appear that injection of radiopaque 
material under these pressures does not per se 
cause intracardiac pathology. 

On the other hand, intracardiac thrombosis 
and hemorrhage were found in the 2 dogs in 
which the cardiac catheter remained in the 
heart for 45 minutes. The lesions were simi- 
lar to those found in 8 of the 13 dogs in the 
first experiment. 


Discussion. Selective angiography poten- 
tially has a number of advantages over venous 
angiography (2,3). The purpose of this study 
was to determine some of the limitations and 
side effects of rapidly injected, commonly 
used contrast agents upon the heart. When a 
radiopaque material is forcibly injected into 
the right heart, pulmonary artery or superior 
vena cava, momentary pressure disturbances 
can occur. These may be attributed in a large 
part to ventricular extrasystoles associated 
with the injection. If there were a ventricu- 
lar septal defect present, opaque material 
would then proceed from right to left ventricle 
and thence out the aorta. One might errone- 
ously imply the existence of a right to left in- 
terventricular shunt under such conditions. 

It seemed reasonable to suppose that in- 
tracardiac injection of opaque media under 
“high” pressure might produce some sort of 
intracardiac pathology. No such disease was 
found. Some dogs had subendocardial hemor- 
rhage and thrombi. Our studies indicate that 
these were related to the presence of the 
catheter within the heart for periods of over 


TABLE II. Dogs in Which Pathological Findings Were Present at Autopsy.* 


Dog # Sites inj. Sites recorded Sites with pathology Types of pathology 

3 R.V.5times R.V. & aorta 2R.A.,2R.V., mitral valve Thrombus vegetations 
4 R.V.&L.A.  RB.V., aorta, carotid Subendocardium Hemorrhage 
5 L.V. Vie, Dee R.A. Thrombus 
7 R.V.t Ii ey LUE 2 R.A, L.V. Hemorrhage 
8 PA. Tee Voy Wi eNe 2R.A., aortic valve Thrombus hemorrhage 
9 IPA L.V., carotid Aortic valve Hemorrhage 

12 R.A. & LV. B.A., fem. art. R.A. Thrombus 

13 L.V. R.V., LV. R.V., aortic valves Hemorrhage 


* Catheters in heart for a minimum of 1 hr. 
+ 5% glucose in distilled water inj. 
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FIG. 2. Cross section of dog #5 heart showing ex- 
tensive subendocardial hemorrhage. 


45 minutes. These complications have not 
been reported previously. 

Conclusions. 1. Subendocardial hemor- 
rhage and intracardiac thrombosis are found 
when catheters remain in the heart for over 
45 minutes. 2. No such lesions could be at- 
tributed to “high pressure” intracardiac injec- 
tions of ordinarily used contrast agents. 3. 
Disturbed pressure relationships probably due 
to asynchronous ventricular extrasystoles are 
frequently seen with injection into the heart, 
superior cava or pulmonary artery. 4. Such 
electrical, contractile and pressure disturb- 
ances were not noted with injection into the 


Growth of Several Arthropod-Borne Viruses in Tissue Culture. 


ENCEPHALITIS VIRUSES IN TISSUE CULTURE 


i asia a : 
FIG. 3. Cross section of dog #5 heart in region of 
aortic valves showing a moderate sized thrombus. 


inferior cava or aorta. 
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R. E. Kisstinc (Introduced by Morris Schaeffer) 
Communicable Disease Center, Public Health Service, U. S. Dept. of Health, Education, and 
Welfare, Montgomery, Ala. 


Diagnostic isolation and identification of 
arthropod-borne viruses, an antigenically re- 
lated group with widely variable host range, 
is difficult for the small laboratory when in- 
fections by several types occur in the same 
area. A single host system susceptible to a 
majority of the group, conveniently available, 
easily manipulated, and sensitive to small 
amounts of virus, is desirable. Tissue culture 
systems for this group have not been exten- 
sively investigated. The group A viruses, 
eastern (EEE), western (WEE), and Vene- 
zuelan (VEE) equine encephalitis viruses 
have a wide host range and no particular dif- 


ficulty has been experienced in infecting chick 
embryo fibroblasts and HeLa cells. Except 
for West Nile virus, the group B viruses do 
not produce cytopathic (CP) changes with 
regularity in the above tissue culture systems 
(1,2). Reports are lacking on the infection 
of other tissue culture systems with the group 
B viruses except for St. Louis encephalitis 
which produced CP effects on 2 chemically in- 
duced rodent tumors and 2 tumors of human 
origin(3), and Japanese B encephalitis (JBE) 
and West Nile (WN) which has recently been 
reported to cause CP effects in Detroit-6 cells 


(4). 
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TABLE I. Results of Comparative Titrations of Several Arthropod-Borne Viruses in Mice and 


Hamster Kidney Cell Culture. 


a 


Virus derived from 
infected hamster 


Virus derived from 
infected mouse brain 


Laboratory or chick embryo kidney cultures 
passage his- CED Ean CPD;, in 
; tory at start LDs9 hamster ADE, hamster 
Virus Strain of exp. in mice cultures in mice cultures 
EEE AR-167 *M. EH, 8.5t 8.5 6.6 7.8 
BCC 6 BE, 9.0 8.0 
WEE L,-34a M,E, 7.5 7.3 5.2 7.0 
C6 E, HD 7.0 
VEE tGP,,E. 10.2 8.2 6.8 6.8 
SLE 904 M; 8.2 8.5 4.2 4.6 
Hubbard Myo 7.5 7.0 
JBE Nakayama M,, 6.3 6.5 4.6 4.6 
Ohmori M, 4.5 5.2 
WN Mos 6.6 8.1 <2.6 3.2 
MVE E,M,, 3.8 3.8 
Tiheus M,, 5.8 dD 
* M.E, = Two mouse brain passages followed by one chick embryo passage. t Logyo. 


+ GP = Guinea pig brain passage. 


The work to be described was an investiga- 
tion of several tissue culture systems as re- 
gards the cytopathic changes produced by 
arthropod-borne viruses, and a comparison of 
the sensitivity of tissue culture method with 
the mouse intracerebral inoculation test. 


Materials and methods. Cell suspensions 
from hamster and guinea pig kidneys, and 
chick embryos were prepared by overnight 
trypsinization at refrigerator temperature. 
Those of dog kidney were trypsinized at 37°C 
in 30 minute cycles. After 2 washings in 
Hanks’ balanced salt solution, the cells were 
suspended in growth medium in concentration 
of 300,000 to 500,000 cells/ml and distributed 
in 1 ml amounts into glass tubes with bakelite 
screw caps. These were then incubated in a 
slanted stationary position at 36°C for 4 to 7 
days until ready for use. Kidney cell cultures 
were grown and maintained in 3 to 5% calf 
serum, 0.5% lactalbumin hydrolysate in 
Hanks’ balanced salt solution. The medium 
used for chick embryo fibroblasts consisted of 
5% chick embryo extract and 10% calf serum 
in Hanks’ solution. Antibiotics in the propor- 
tion of 500 units of penicillin, 250 ug of strep- 
tomycin sulfate and 25 units of mycostatin 
per ml were added to all mediums. Dilutions 
of virus were made in the respective growth 
mediums and 0.1 ml volume inoculated per 


tube. Mice used were 3 weeks old, of the 
CFW strain, and were inoculated intracere- 
brally with volumes of 0.03 ml. The viruses 
used are indicated in Table I. 

Results. Dog kidney cells. Cytopathic 
effects were obtained irregularly in dog kid- 
ney cells infected with EEE virus. In com- 
parative titrations in dog kidney cells and in- 
tracerebrally in mice the CP changes in the 
tissue cultures, when they occurred, were al- 
ways at dilutions more concentrated than 
those necessary to kill mice. No CP changes 
were obtained in dog kidney cells infected 
with St. Louis encephalitis (SLE) virus. 
Since dog kidney tissue cultures did not sat- 
isfy the requirements sought for in a host sys- 
tem with these 2 viruses, no systematic explor- 
ation of their sensitivity to the other viruses 
was made. 

Guinea pig kidney and chick embryo cells. 
Guinea pig kidney and chick embryo cultures 
and mice were inoculated with 10,000 to 100,- 
000 mouse LD; units of the various viruses. 
CP changes resulting in complete degenera- 
tion of the cells were seen on the second day 
after inoculation with EEE, WEE, and VEE 
in both guinea pig kidney and chick embryo 
cultures. Incomplete degeneration of guinea 
pig kidney cultures (50%-75% of the cells 
destroyed) was seen by the 6th day with West 


292 


Nile (WN) and Ilheus viruses. No degenera- 
tion was seen in the guinea pig cultures by the 
6th day with SLE, JBE, or Murray Valley en- 
cephalitis (MVE) viruses at which time the 
fluids were harvested and inoculated into 
mice. Partial degeneration of the chick em- 
bryo cells was seen on the 6th day in those 
tubes inoculated with WN virus. No changes 
were seen by the 7th day in the chick embryo 
cultures inoculated with SLE, JBE, MVE, or 
Ilheus viruses at which time the fluids were 
harvested and inoculated into mice. Although 
all fluids contained virus neither type of cul- 
ture showed a sufficiently broad spectrum for 
susceptibility accompanied by CP effects. 
Therefore, no effort was made to prove or dis- 
prove actual increases in virus titer. 

Hamster kidney cells. Hamster kidney cul- 
tures were inoculated with 10° or 10° dilu- 
tions of the various viruses. CP changes 
amounting to complete destruction were pro- 
duced in these cells in 2 days by EEE, WEE, 
VEE, and Ilheus viruses. Similar degenera- 
tion was seen in 2 to 3 days in cultures inocu- 
lated with concentrated dilutions of SLE, 
JBE, and MVE viruses. West Nile virus pro- 
duced degeneration in 5 days when a 10° 
dilution was used for the inoculum. Uninocu- 
lated cultures held during the same period 
showed no detectable change. 

Comparative titrations were made intra- 
cerebrally in mice and in hamster kidney tis- 
sue cultures using 5 mice and 5 tubes per 10- 
fold dilution. Appreciably higher titers in 
mice were found with EEE strain BCC6 and 
VEE, while the titer of WN was higher in 
hamster kidney cultures. 

Fluids from the tissue culture tubes around 
the range of the cytopathogenic endpoint were 
individually inoculated into mice for the de- 
tection of virus. In each case virus was re- 
covered from those tubes showing CP effects 
but not from those which appeared normal, 
indicating that the infectious dose and cyto- 
pathogenic dose were identical. The fluids 
were harvested from the highest dilutions 
causing cytopathogenesis in the preceding 
titrations and a second passage made in ham- 
ster kidney tissue cultures. The fluids from 
these second tissue culture passages were then 
titrated in mice and in hamster kidney tissue 
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cultures except for a few instances where 
fluids from the first tissue culture passage 
were used. The results are shown in Table I. 

In general, virus derived from infected tis- 
sue culture did not display as high titer as 
that derived from infected mouse brain. This 
is probably a reflection of the difference in 
number of cells per unit volume which were 
available for infection. 

With EEE, WEE, SLE, WN, and the Oh- 
mori strain of JBE the virus derived from in- 
fected hamster kidney cultures titered higher 
in hamster kidney cultures than in mice. The 
titers in the 2 host systems were the same for 
VEE, the Nakayama strain of JBE and MVE. 
With Ilheus virus titers of the first hamster 
kidney passage material were slightly higher 
in mice than in tissue cultures. 

Using approximately 50 to 100 tissue cul- 
ture doses of virus, neutralization tests were 
performed with EEE, WEE, VEE, SLE, and 
JBE. Equal amounts of the immune serum 
and virus, and also normal serum and virus, 
were combined and allowed to stand at room 
temperature for one hour before inoculation 
of the tissue cultures. The CP effect was neu- 
tralized by the immune serum in each in- 
stance except for VEE in which a partial de- 
generation of the cells took place 2 days after 
the control tubes were completely degener- 
ated. 

Since the passage history of each virus ap- 
parently influenced its respective comparative 
titer, it was thought desirable to attempt di- 
rect isolation of virus in hamster kidney tis- 
sue culture, comparing this method with in- 
tracerebral inoculation of mice and _intra- 
amniotic inoculation of chick embryos. 
Thirty pheasant and horse brains suspected of 
being infected with EEE were available for 
the purpose. Seventeen of these yielded no 
isolate in any of the 3 host systems. Eleven 
yielded EEE virus by each of the 3 isolation 
methods. EEE virus was isolated from one 
specimen in hamster kidney tissue cultures 
and in chick embryos but not in mice. An- 
other specimen yielded EEE virus only by 
chick embryo inoculation, 1 of 6 embryos in- 
oculated succumbing to infection. 

To compare the usefulness of hamster kid- 
ney cells for isolation of WEE virus, several 
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tissues from a naturally infected bird, a pur- 
ple grackle, were inoculated into mice, tissue 
cultures, and chick embryos. Four mosquito 
suspensions (Culex tarsalis) from which WEE 
virus had been isolated in 1955 were obtained 
from Dr. Preston Holden. These arrived in 
a thawed condition. However it was felt that 
this fact would allow a more severe test of the 
sensitivity of the various hosts than if they 
had remained continuously frozen. 

WEE virus was isolated from all of 6 dif- 
ferent grackle tissues by inoculation of chick 
embryos, from 4 of the 6 tissues by inocula- 
tion of tissue cultures, and from 3 of the 6 
tissues by inoculation of mice. 

One of the mosquito suspensions yielded 
WEE virus by each of the 3 isolation meth- 
ods. A second suspension yielded virus only 
in chick embryos, 1 of 6 embryos inoculated 
dying specifically. No virus could be isolated 
from the remaining 2 mosquito suspensions by 
any of the 3 methods. 


Heavy brain suspensions produced incom- 
plete degeneration of the hamster kidney cell 
cultures whether or not virus was present in 
such suspensions. It was necessary, therefore, 
to subinoculate into a second set of cultures 
in order to observe specific typical cytopatho- 
genesis. Mosquito suspensions did not prove 
toxic to hamster kidney cells and cytopatho- 
genesis progressed in a typical manner when 
these suspensions contained virus. 

Discussion. Hamster kidney tissue cultures 
proved susceptible to infection with a wide 
range of arthropod-borne viruses and re- 
sponded with cytopathogenesis. Those 
strains of SLE and JBE which had a low 
number of mouse brain passages titered higher 
in hamster kidney cultures than in mice, while 
the reverse was true of those strains having 
many mouse brain passages. It has been ob- 
served in this laboratory that after continued 
intracerebral passage most of these arthro- 
pod-borne viruses lose much of their ability to 
infect mice by peripheral routes. Thus, lab- 
oratory adapted strains and viruses as they 
are encountered under natural conditions may 
differ in their relative infectivities for a neu- 
ral or a visceral tissue. The experience re- 
ported here with EEE and WEE viruses indi- 
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TABLE IT. Time Required to Produce Evidence 
of Infection by Several Arthropod-Borne Viruses 
in Tissue Cultures and in Mice. 


CP effect Death 

in tissue cul- in mice 

Virus Strain Dilution tures (days) (days) 
EEE BCC 6 Om 2-3 3- 4 
WEE C6 10-8 3-4 5- 8 
VEE LORS 2-3 4— 6 
SLE 904 ge 5-7 6— 8 
JBE Ohmori UG 4 8-11 

WN On 5 6 

MVE 2 5 6— 8 
10+ 4 6— 7 


Ilheus 


cates that a visceral tissue is more sensitive 
than brain tissue to ‘“‘wild” forms of these 
viruses. The same probably holds true of the 
SLE-JBE group of viruses in view of the dif- 
ferences obtained with strains of high and low 
laboratory passage history. 


Advantages of hamster kidney cultures over 
mice include in addition to greater sensitivity, 
less cost, less space for maintenance, and more 
rapid results. Complete destruction of cul- 
tures preceded death of mice receiving equal 
virus inocula by 1 to 7 days (Table II). 


Chick embryos when inoculated by the am- 
niotic route were slightly more sensitive indi- 
cators of EEE and WEE virus than were 
hamster kidney tissue cultures. However, in 
those cases where the quantity of material 
available for isolation attempts would limit 
the choice to a single host system, hamster 
kidney tissue cultures would be more advan- 
tageous than either mice or chick embryos 
since they display a high sensitivity to all the 
major arthropod-borne encephalitis viruses 
which might be encountered in this country. 


Summary. Cytopathogenesis was observed 
in hamster kidney tissue cultures infected 
with eastern equine, western equine, Vene- 
zuelan equine, St. Louis, Japanese B, and 
Murray Valley encephalitis viruses and by 
Ilheus and West Nile viruses. The sensitivity 
of these tissue cultures was equal or superior 
to that of mice. Guinea pig kidney and chick 
embryo cultures reacted with complete cyto- 
pathic effects only with EEE, WEE, and VEE 
viruses. 


1. Sanders, M., Kiem, I., and Lagunoff, D., A.M.A. 
Arch. Path., 1953, v56, 148. 


294 


2. Scherer, W. F., and Syverton, J. T., Am. J. 
Path., 1954, v30, 1075. 

3. Pollard, M., and Bussell, R. H., Proc. Soc. Exe. 
Brot. AND Mep., 1952, v80, 574. 


HumMAN PROTHROMBIN CONSUMPTION AFTER X-IRRADIATION 


4. McCollum, R. W., and Foley, J. F., ibid., 1957, 
v95, 556. 


Received May 27, 1957. PSB Bail Oop oO 


Increased Prothrombin Consumption Following Total Body X-Irradiation 


in Man. 
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Niet Watp* (Introduced by L. M. Meyer) 
Department of Radiobiology, USAF School of Aviation Medicine, Randolph AFB, Texas 


In a preliminary investigation of the 
hematological effects of a single exposure to 
therapeutic total body x-irradiation in cancer 
patients, an increase in prothrombin con- 
sumption during blood coagulation was ob- 
served. The average of postirradiation serum 
prothrombin time values was significantly ele- 
vated over the pretreatment average. The in- 
cidence of individual serum prothrombin time 
prolongations was also significantly increased 
after irradiation. In addition, it was found 
that in duplicate tests of serum prothrombin 
time in which the only known variable was 
the alternate use of prothrombin-free plasma 
(Cappel)t, and of purified bovine fibrinogen 
(Warner-Chilcott)+, the latter reagent re- 
sulted in a significantly more sensitive test in 
the elevated range. 

Materials and methods. Forty-one patients 
having neoplastic lesions with metastases re- 
quiring the use of the total body x-ray ther- 
apy according to the Radiation Therapy Com- 
mittee of M. D. Anderson Hospital were 
studied. All were ambulatory and, apart from 
their primary disease, were in general good 
health and not cachectic. X-ray dosages, de- 
livered in a single total body exposure in each 
case, (400 kv; 200 cm focal skin distance: 
4.1 mm copper half value layer) ranged from 
25 r through 150 r in 25 r steps. Dosage in 
each case depended on medical requirements 
of the patient. Complete hematological 
studies were performed daily in a 3- to 5-day 
baseline period immediately prior to therapy. 


* Present address: Health Physics Division, Oak 
Ridge National Laboratory, Oak Ridge, Tenn. 

t Cappel Laboratories, Wayne, Pa. 

+ Warner-Chilcott Laboratories, N. Y. 


Similar tests were performed immediately 
postirradiation and through a 10-day follow- 
up period before any further radiation ther- 
apy was given. Only platelet counts, clotting 
time, and plasma and serum prothrombin 
time tests are considered in this report. Plate- 
let counts were performed in the Neubauer 
counting chamber with Rees-Ecker diluent 
(1). Clotting time tests were made by the 
3 tube modified Lee-White procedure(2). 
Plasma prothrombin time was determined by 
the Link-Shapiro modification(3) of Quick’s 
one-stage method, using Simplastin (Warner- 
Chilcott). Serum prothrombin tests were 
done by a previously reported modification 
(4,5) of the Quick one-stage method using 
Simplastin (Warner-Chilcott) and Fibrinogen 
(Warner-Chilcott). When no end-point was 
reached within 3 minutes, a reading of 180- 
plus seconds was recorded. Prothrombin-free 
plasma (Cappel) was used in place of fibrino- 
gen in duplicate tests in 33 cases. 

Results. There was no significant altera- 
tion from baseline levels in platelet count, 
clotting time, or plasma prothrombin time. 
Also, there was no evidence of relationship of 
these test results to the serum prothrombin 
time when the latter was prolonged above 
average. There was no significant relation- 
ship of serum prothrombin time changes to 
air dose or to integral dose in megagram- 
roentgens. 


Serum prothrombin time. A. Comparison 
of pre- and postirradiation averages. It will 
be seen in Table I that the posttreatment 
serum prothrombin time averages, determined 
by the fibrinogen technic, increased over pre- 
treatment times at the .001 significance level. 
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TABLE I. Comparison of Serum Prothrombin 
Times (SPT) Obtained Using Fibrinogen (F) 
Technic in Subjects before and after Irradiation. 


Postirrad. 
SPT 
Preirrad. Postirrad. increase 
Radiation No.of SPTavg SPT avg —H——, 


dose (r) cases (see. ) (sec. ) No. % 
25 5 41.8 54.3 5 (100) 
50 9 56.1 99.8 A (CB) 
75 6 56.5 64.4 4 ( 67) 
100 13 47.5 54.0 GS) 
125 4 40.7 52.2 4 (100) 
150 4 35.2 52.2 2) (50) 
Total 41 48.1 65.2 3) ( tei) 


Postirradiation averages are statistically signifi- 
eantly larger than preirradiation ones at a level of 
about .0001. Avg increase of serum prothrombin 
time (fibrinogen technic) irradiation is 26.2%. 

B. Comparison of frequency of prolonged 
serum prothrombin times pre- and postirradia- 
tion. Sixty seconds was used as the approxi- 
mate upper end of the average range(5). The 
proportion of all readings which fell above 
this level was determined. The average pro- 
portions were: preirradiation — .191; post- 
irradiation — .353; difference = .162. The 
average difference is statistically significantly 
larger than 0. (P<.01). The number of 
subjects with negative difference is 4; with 
zero difference, 20; and with positive differ- 
anaes, 7, 

C. Comparison between serum prothrom- 
bin times obtained using prothrombin-free 
plasma and those obtained using fibrinogen. 
In 33 subjects duplicate determinations were 
made using the fibrinogen and the prothrom- 
bin-free plasma methods. The preirradiation 
average serum prothrombin time with pro- 
thrombin-free plasma was 34.8 seconds, 8.9 
seconds below the average time with fibrino- 
gen. The postirradiation average time with 
the plasma reagent was 41.5 seconds, 16.2 
seconds below the average time with fibrino- 
gen. The average percentage increase in time 
with the plasma reagent after x-ray therapy 
was 16.1%, while the fibrinogen reagent 
showed 24.3% increase. To test the hypothe- 
sis that the fibrinogen technic yields higher 
values when the prothrombin-free plasma 
method itself gives elevated results, the corre- 
lation between the two technics was analyzed 
statistically. The hypothesis of no correla- 
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FIG. 1. Electrophoretic pattern of (A) fibrinogen, 
bovine (Warner-Chileott) and (B) prothrombin- 
free plasma (Cappel). 


tion was rejected at a P value of less than .01 
in favor of positive correlation. In 24 out of 
the 33 subjects, the correlation was positive. 


D. Electrophoretic analysis of fibrinogen 
(Warner-Chilcott) and of prothrombin-free 
plasma (Cappel) is presented in Fig. 1. It 
will be noted that the former reagent contains 
fibrinogen in a single pure peak, while the 
latter reagent contains fibrinogen in a mix- 
ture of other plasma protein constituents. 


Discussion. Our data indicate the devel- 
opment, in cancer patients, of an alteration in 
blood coagulation, 7.e., increased prothrombin 
consumption, occurring within 10 days fol- 
lowing one dose of therapeutic total body x- 
irradiation. No reports of similar findings 
have been found in the radiation hematology 
literature. In fact, in most of the instances 
in which prothrombin consumption was 
studied, reduction was noted at some time 
following radiation(6,7,8). It is to be noted, 
however, that the data of Jackson et al.(6) 
indicate that in those of their dogs whose 
prothrombin consumption was not 100% in 
the control period (6 out of 8), an increase to 
100% occurred at least once in the first 4 
days following 600 r whole-body x-irradia- 
tion. Also, the mean consumption was _in- 
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TABLE IL. Comparison of Serum Prothrombin Times (SPT) Obtained Using Fibrinogen (F) 
and Prothrombin-Free Plasma (PFP) Technics in the Same Subjects before and after Irradia- 
tion. 


Postirradiation SPT increase 


Preirradiation Postirradiation 


Radiation No. of SPT avg SPT avg No. To No. % 
dose (r) cases EF PFP nis 122) F 1AM 
25 3 49.1 38.7 66.6 42.4 Se GLOO)) 2 (67) 
50 4 39.6 31.6 49.2 38.7 2  ( 50) 3 (75) 
75 4 50.3 40.8 (Oe 55.6 3 (HO) 3 (75) 
100 13 47.5 37.5 54.0 42.9 LI 85) il (5) 
125 4 40.7 32.5 52.2 37.3 4 (100) 3 (75) 
150 4 35.2 27.5 52.2 32.0 2 ( 50) 1 (25) 
Total 32 43.7 34.8 57.7 41.5 AS (CW) 23 (67) 
* Avg increase of serum prothrombin time (fibrinogen technic) = 24.3%. 
ieee ze aie pala ¥ (prothrombin-free plasma technic) = 16.1%. 


creased over baseline on the first and second 
day postirradiation. Subsequently a marked 
decrease was found, however, when thrombo- 
cytopenia ensued. 

Certain limitations of this study should be 
considered. The number of cases studied was 
small because of the relative rarity of a thera- 
peutic indication for whole body radiation. 
For practical reasons the patients studied 
served as their own controls prior to irradia- 
tion and a parallel control series was not run. 
In addition, the control observation period 
could not be carried on as long as the post- 
irradiation one. The possibility of a general 
time-trend effect over the entire experimental 
period cannot be separated completely from 
that of radiation effect as the cause of the 
statistically significant difference in serum 
prothrombin times before and after irradia- 
tion. However, the time-trend differences 
are not statistically significant by t-test or by 
a sign test, most of them yielding a P value 
of about 0.1. Also, clinical experience with 
the test procedure employed (3,4) did not sug- 
gest any time-trend in serial observations 
heretofore. 

Assuming that the observations in this pre- 
liminary report are substantiated by similar 
studies of a large number of cases, an attempt 
to explain the apparent contradiction of the 
data in recent pertinent literature is indicated. 
The frequently noted decrease in prothrombin 
consumption following irradiation is based 
primarily on studies of animals, usually after 
large doses of x-ray at least approaching the 
lethal range and not always in the immediate 
period following exposure. Our subjects were 


humans, receiving a comparatively low ex- 
posure and studied promptly. Also, thrombo- 
penia is generally present in animal studies, 
while it was not found in our series. Court 
Brown and Abbat noted a similar absence of 
thrombopenia in their patients receiving one 
200 to 425 r skin dose over the spinal column 
(12). In addition, all of our subjects had 
metastatic neoplastic disease upon which the 
radiation may have acted somewhat selec- 
tively. 

Another difference between our study and 
those reported in the literature lies in the SPT 
technic employed. The commonly utilized 
prothrombin-free plasma may add other pro- 
tein substances besides fibrinogen to the test 
system used, as shown by electrophoresis 
(Fig. 1). That these additional substances 
might act to mask abnormalities is suggested 
by the comparative results of serum pro- 
thrombin determinations performed by the 2 
technics, and by the statistical analysis there- 
of. The use of pure reagents, when possible, 
in order to reduce the variables of coagulation 
test systems is advocated for this reason. 

Although the reduction of prothrombin con- 
sumption and of serum prothrombin time has 
been studied extensively by Quick(9) and 
others, the clinical significance of an altera- 
tion in the opposite direction remains to be 
determined. It has been observed that the 
average serum prothrombin time in the geri- 
atric age group is higher than that of young 
adults(4). Dreskin(10) reported a normal 
range of 25 to 50 seconds but did not account 
for higher prothrombin consumption evident 
in a number of normal and diseased subjects 
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included in his data. Sussman e¢ al.(11) re- 
ported the average serum prothrombin time 
in a number of disease states. In many in- 
stances this was well above the 30-second 
level interpreted as the lower limit of normal 
range. No upper limit was suggested, how- 
ever. 

The reason for the apparent absence of any 
correlation between onset, magnitude or dura- 
tion of serum prothrombin time change and 
either air or integral radiation dose is not 
readily apparent. Similar lack of quantita- 
tive relationship between one large x-ray dose 
and consequent blood count changes in man 
has been reported by others(12). Differences 
in the radiosensitivity of individuals and of 
neoplasms in our series may be responsible. 
The selection of the radiation dosage for each 
case according to medical indications based on 
the nature and distribution of neoplastic dis- 
ease may also have helped to obscure any dose 
effect by introducing bias errors. 


It seems possible that alterations in homeo- 
stasis produced by disease or by extrinsic 
agents, such as radiation, could result in im- 
balances of the many factors involved in the 
formation of thromboplastin or in the conver- 
sion of prothrombin to thrombin. The in- 
crease in prothrombin consumption reported 
here may be an indication of the summation 
of these alterations, occurring at a time and 
under conditions of study which have not 
been carried out previously. This prelim- 
inary report is made in the hope that further 
observations along these lines will aid in the 
interpretation of the coagulation alteration 
noted herein. . 

Summary. 1. Hematological studies were 
carried out on 41 patients with disseminated 
neoplastic disease receiving therapeutic whole 
body x-irradiation. 2. Increased prothrom- 
bin consumption, evidenced by an increase in 
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the average serum prothrombin time, and in 
the incidence of prolonged serum prothrombin 
times, was found after irradiation. 3. Greater 
sensitivity resulted when pure fibrinogen was 
used in place of prothrombin-free plasma in 
the one-stage serum prothrombin time test. 
4. Possible explanations for these findings 
were discussed. 


The author is grateful for the cooperation of the 
following: Drs. Gilbert Fletcher, John Dillon, Stella 
Booth, and Mrs. Pauline MacIntyre, Radiology 
Dept., Anderson Hospital, Houston, Texas; Lt. Col. 
John E. Pickering, Dept. of Radiobiology, USAF 
School of Aviation Med., Mr. David Rubenstein, 
Dept. of Biometrics, for statistical analysis of the 
data; and Lt. Col. L. J. Milch, Dept. of Pharma- 
cology and Biochemistry, who supervised the electro- 
phoretic protein analyses. 
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Quantitative Study of Influence of Estrogenic Substances on Serum 


Lipids of Rats Fed Atherogenic Diet.* 


(23460) 


R. E. Priest, M. T. SCHROEDER, R. RASMUSSEN, AND R. W. WISSLER 
Department of Pathology, University of Chicago 


The relative infrequency with which clini- 
cal manifestations of coronary atherosclerosis 
are encountered in human females during the 
reproductive years is well known(1,2). This 
observation constitutes an unusual example of 
a natural protective metabolic mechanism 
which is capable of offsetting atherogenic 
dietary influences. Clinical observations (3,4) 
and experimental work with chickens(5,6) 
and rats(7) have suggested that this protec- 
tion is related to the effects of estrogens, but 
the use of estrogens in the treatment of cor- 
onary atherosclerosis has been hampered by 
the feminization which occurs in male pa- 
tients. Although the mechanisms by which 
estrogens influence atherosclerosis are not 
fully understood, clinical(8,9,10) as well as 
experimental(5,7) studies suggest that sup- 
pression of atherosclerosis by estrogens is as- 
sociated with a higher serum level of phospho- 
lipids relative to cholesterol. Since the ratio 
of cholesterol to phospholipids appears to be 
associated with development of atherosclerosis 
in several species under widely diverse cir- 
cumstances(5,7,11-15) this effect of estrogen 
on blood lipids may be of primary importance. 

The purpose of the present study was 2- 
fold: first, to obtain additional quantitative 
information regarding effects of estrogenic 
substances on serum lipids, and second to see 
if substances chemically related to estrogens 
could he demonstrated to influence the serum 
lipids without causing undesirable changes in 
the male reproductive organs. 

Materials and methods. Animals. In all 
experiments adult male albino rats weighing 
between 400-500 g were divided into groups 
of similar weights and ages. Diet. A liquid 
ration as described by Moskowitz(7) contain- 
ing 2% protein, 25% fat in the form of corn 
oil and 2% cholesterol was administered by 
gastric tube 3 times each day to each animal. 


* This investigation was supported by grants from 
the Chicago Heart Assn. and from the Nat. Heart 
Inst. N.ILH., U. S. Public Health Service. 


During the first week of experimentation the 
amount of diet administered was gradually in- 
creased from 10 ml per feeding up to 12 or 13 
ml. The animals were allowed tap water ad 
lib., but no additional diet. Estrogen and es- 
trogen analogues. After the first week of the 
experiment each animal was given daily (ex- 
cepting Sundays), subcutaneous injections of 
the substances dissolved or suspended in 
sesame oil. Serum lipids. Fasting blood sam- 
ples were obtained from a lateral tail vein of 
each animal at the beginning of an experiment 
and at weekly intervals thereafter. For each 
group equal amounts of blood from each ani- 
mal were pooled, the serum obtained by cen- 
trifugation and total cholesterol and lipid 
phosphorus determined by standard methods 
(16,17). 

Results. When differing amounts of estra- 
diol benzoate were given, differing effects were 
obtained (Fig. 1). Among the estradiol- 
treated animals the largest amount given pro- 
duced the least elevation of serum cholesterol, 
but the greatest elevation of phospholipid. 
Conversely, the least amount of estrogen pro- 
duced the greatest rise in cholesterol and the 
least rise in phospholipids. The intermediate 
amount of estradiol caused an intermediate 
elevation of both cholesterol and phospho- 
lipid. Consequently, the animals which re- 
ceived the smallest amount of estrogen had 
greatly elevated C/P ratios, while those that 
received the largest amount had C/P ratios 
as low or lower than the controls. At all lev- 
els of estradiol atrophy of testes, prostate and 
seminal vesicles occurred. 


It should be emphasized that the animals 
used in these experiments were adult males. 
The interplay between androgens and estro- 
gens in regard to effects on serum lipids is yet 
to be fully worked out, but from these results 
it can be concluded that, at least with adult 
male rats, one is not justified in speaking of 
“estrogen effects.” The character of the ef- 
fects depends to a large extent upon how 
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much estrogen is administered. Because daily 
administration of 0.333 mg estradiol produced 
the lowest C/P ratios, this amount was chosen 
as a reference in the subsequent experiments. 

Consequently, in each of the experiments 
reported here appropriate control groups, one 
receiving 0.333 mg estradiol benzoate daily 
and the other receiving only sesame oil were 
included. When these two groups were com- 
pared, the same general pattern of changes in 
serum lipids with time as that depicted in Fig. 
2 was observed in 3 additional experiments. 
At the beginning of the experiment values for 
cholesterol, phospholipid and C/P were about 
the same for treated and control groups. This 
was a constant observation in these experi- 
ments. Both cholesterol and phospholipid 
levels fell slightly at the end of the first week. 
By the end of the third week both were ele- 
vated, but this elevation was much more 
marked in the animals which had received es- 
tradiol. After reaching a peak a decrease in 
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both cholesterol and phospholipids occurred. 
The C/P ratio for the group receiving estra- 
diol was lower than that of the control group 
during the latter part of these 6-week experi- 
ments. 

With these quantitative relationships in 
mind a number of natural and synthetic fe- 
male hormones as well as structurally related 
compounds were compared. The promotion 
of the rat’s uterine growth by many of these 
substances has been studied in detail by Hug- 
gins and Jensent (18,19). 

Two experiments were designed as shown 
ing Lablew: 

When the percent difference between values 
for serum lipids at the end of the fourth week 
and at the beginning of the experiment were 
compared (Fig. 3 and 4), both cholesterol and 
phospholipids were found to have been most 


+ Some of these compounds were given to us by 
Dr. Elwood V. Jensen. 
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TABLE I. Kinds and Amounts of Hormones and 
Analogues Administered Daily in 2 Experiments. 
Five animals per series. 


Molecular Amt 
Group ‘Hormone’? wt (mg/day ) 

IT Control 
Il Estradiol benzoate 271 333 
III = Diethylstilbestrol 268 a 
IV Estriol 287 is 
V Progesterone 314 . 
IL Control 
IL Estradiol benzoate 271 333 
III Isohexestrol 270 # 
IV ‘‘Thionyl stilbestrol’’* 258 poly, 
Vv 5 androstene 3B 17B diol 291 358 
VI 9X fluoro 11B hydroxy- 351 433 


progesterone 


* 3-(2 thienyl) -4-(e-hydroxy-pheny]) -hexene-3. 


elevated in the groups which received estra- 
diol and estriol. ‘The phospholipids were pro- 
portionately more elevated than the choles- 
terol in the group given estradiol, resulting in 
a fairly constant C/P ratio. Administration 
of stilbestrol also resulted in maintenance of a 
fairly constant C/P ratio. To this extent its 
effect was like estradiol, since the values for 
the control group rose during this period. 
Progesterone gave results more like the con- 
trol group, as did all of the analogues tested. 

As can be seen from Table II, the 2 natural 
estrogens, as well as stilbestrol and isohexes- 
trol caused atrophy of the reproductive glands 
to about the same degree, while the other es- 
trogen analogues produced atrophy to a 
lesser degree. Although progesterone appar- 
ently produced atrophy in this experiment it 
did not do so in another. 

Atrophy of the male sexual organs occurred 
with all of the substances studied which had 
an effect on serum lipids similar to that of 
estradiol. 

Discussion. The reported effects of estro- 
genic substances on blood lipid concentrations 
and on atherogenesis are remarkably variable. 
For example with 1 mg per day of estradiol 
benzoate for 13 weeks, Pick et al.(5) reported 
suppression of coronary atheromatous lesions 
in the chicken accompanied by a definite rise 
in blood lipid phosphorus and reversal of cor- 
onary lesions with 1 mg per day for 5 weeks 
(6). Other workers(20,21) have indicated 
an increase in atherogenesis and hyperlipemia 
in this same species when 25 mg pellets of the 
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somewhat less potent diethylstilbestrol were 
implanted about once a month for varying 
periods. In the estrogen-treated rat, Mosko- 
witz et al.(7) observed a marked rise in both 
serum cholesterol and lipid phosphorus as 
compared to controls when the animals were 
force-fed a high fat diet. In this study 0.333 
mg of estradiol per day appeared first to lead 
to increased susceptibility to coronary athero- 
matous lesions followed later by suppression 
or reversal of the lesions. Other results in the 
rat have been reported recently by Fillios e¢ 
al.(22) who found that 0.02 mg of estradiol 
injected 2 times per week for 7 weeks in- 
creased the serum cholesterol concentration. 
Under similar experimental conditions estro- 
gen treatment enhanced cardiovascular su- 
danophilia has been reported in male rats 
(23). 

The results of the present study suggest 
that at least some of this variation in the ef- 
fects of estrogenic substances may be related 
to the dose and period of administration. 
Similarly the biphasic effect on atherogenesis 
produced by estradiol in the rat(7) may be 
explained by a gradually increasing daily ef- 
fect of the estrogen resulting from multiple 
sesame oil depots which may superimpose 
their liberated estradiol. 


It will be necessary to find out whether the 
differing effects of various doses of estrogen 
on blood lipids and atherogenesis are observed 
in other species. It is possible that this con- 
cept may have broad implications in terms of 
the natural history of atherogenesis in man. 
Observations relating estrogenic therapy to 
blood lipids in human(4,10) as well as in 


TABLE II. Average Weights of Reproductive 
Glands of Rats Given Estrogens and Analogues. 
eee 


Testis (g) 
R L 


Group Prostate (g) 
I 1.62 1.50 1.54 
II ie 33 .36 
TO 1.01 31 32 
NY 97 84 85 
W 1.03 58 .60 
i 2.69 1.65 1.59 
IT 1.52 53 53 
III 1.61 92 72 
IV 2.62 ITS 1.46 
Vv 2.30 1.14 Aoi; 
Wil 1.92 1.34 1.36 
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other species(24) may need further evalua- 
tion in the light of dosage and time effects 
demonstrated in this study. The tendency 
for, blood lipid values of the rat to decline 
after several weeks of therapy suggests that 
an adaptive mechanism may be present which 
will tend to counteract the early effects of es- 
tradiol even when a large dose is adminis- 
tered. 

Recent observations(25) which relate lipid 
phosphorus rise in the human male to estro- 
genic analogue administration while demon- 
strating little evidence of estrogenic effect on 
secondary sex characteristics represent a de- 
sirable goal and deserve further evaluation in 
experimental animals as well as in man. 

Summary. 1) In adult male albino rats 
varying amounts of estradiol, all within a 
range sufficient to produce testicular atrophy, 
differed in their effects on serum lipids, the 
smaller amounts causing marked elevation in 
serum cholesterol and less elevation in phos- 
pholipids than larger amounts. Administra- 
tion of 0.333 mg estradiol benzoate daily re- 
sulted in marked elevation of serum choles- 
terol and phospholipids within 2 weeks, but 
the C/P ratio remained as low or lower than 
that of control animals. Over a 5-week pe- 
riod these values reached a peak, then fell in 
spite of constant diet and hormonal treat- 
ment. 3) Equivalent amounts of estriol daily 
had an effect on serum lipids similar to that 
of estradiol. 4) Equimolecular amounts of 
stilbestrol, progesterone, and a variety of 
substances chemically related to active estro- 
gens had little acute effect on serum lipids 
under the conditions studied. 5) This experi- 
mental plan may be useful for studying si- 
multaneous effects of other steroids on serum 
lipids and on the reproductive organs of mam- 
mals. 
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Alteration of Serum Cholesterol by Dietary Fats.* 
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W. D. Armstronc, JoHN VAN Pitsum, ANcEL Keys, F. GranvE, J. T. ANDERSON 
AND Louis TOBIAN 
Department of Physiological Chemistry, Laboratory of Physiological Hygiene and Department 
of Medicine, Medical School, University of Minnesota, Minneapolis 


The concentration of cholesterol in the 
blood serum of man can be reduced through 
subsistence on a low-fat diet(1-5) or by sub- 
stitution of certain vegetable oils in the diet 
(6-11). Recognition of the fact that an ele- 
vated serum cholesterol level tends to be re- 
lated to the development of atherosclerosis 
has led to widespread interest in the possibil- 
ity that regulation of the fat content of the 
diet may help to control or prevent ischemic 
(coronary) heart disease(4,8,12,13). One 
result of this attitude is the recent use of corn 
oil in the diet, sometimes on medical prescrip- 
tion, by persons with hypercholesterolemia or 
coronary heart disease or both. 

Corn oil when fed in large amounts has 
been repeatedly shown to produce a large de- 
pression in the serum cholesterol level(8-11, 
13,14). This effect has been attributed to its 
high content of polyunsaturated fatty acids 
by some workers(8,9,13,14), but the possibil- 
ity that this characteristic of corn oil explains 
only part of the effect is also indicated (11,13, 
15,16). Examination of these reports shows 
that in some cases the subjects had metabolic 
peculiarities including hypercholesterolemia, 
obesity and diabetes. In many of the studies 
synthetic and artificial mixtures instead of 
natural foods were used as diets, and in prac- 
tically all cases the experimental fat was iso- 
calorically substituted for carbohydrate or for 
another fat. Further, in many of the studies 
the numbers of persons studied did not permit 
proper statistical analysis. 

Accordingly, it was considered desirable to 
compare several food fats, including corn oil, 
in regard to the influence on the serum choles- 
terol, when taken as a simple supplement 


* The members of the Class of 1957 in Physiological 
Chemistry, Medical School, University of Minnesota, 
were the subjects. These students actively partici- 
pated in planning of the work and in chemical and 
statistical analyses which were also independently 
carried out by the authors. 


* 


to the diet in the manner now being used by 
an appreciable number of patients, and to 
make such a comparison with enough subjects, 
relatively homogeneous in type, to allow valid 
statistical analysis. Subjects. The subjects 
were the 141 volunteers in the laboratory 
courses in Physiological Chemistry who satis- 
factorily completed the prescribed dietary 
regimen for which 159 originally volunteered. 
Their mean age was 22.8 years (range 20-34). 
Two of the volunteers were young staff mem- 
bers, 10 were graduate students, 16 were 
Medical Technology students and 113 were 
freshmen in the Medical School. These vol- 
unteers were organized by the class officers. 
Materials and methods. The characteristics 
and source of the 4 fats employed are given in 
Table I. In order to make the dietary fat 
supplements palatable and to disguise their 
identity the fats were incorporated in “milk- 
shakes.” The composition of each milkshake 
was: fat 57 g (2 oz), fat-free dried milk 30 g, 
sucrose 10 g, Dariloid Kt 0.5 g, a mixture of 
mono- and distearates of glycerol 0.5 gt, dou- 
ble strength vanilla extract 1.0 ml, and water 
to make 300 g. The milkshakes containing 
the fat of cream each contained 171 ml of 
35% whipping cream and were made with 20 
g of dried fat-free milk instead of 30 g owing 
to the milk proteins contained in cream. The 
taste of the olive oil containing milkshakes 
was difficult to render acceptable and these 
were additionally flavored with coffee extract. 
Each type of milkshake was prepared by 
homogenization in bulk quantity, pasteurized 
and packaged in 300 g amounts in color-coded 
individual paraffined paper milk cartons by 
the Dairy Husbandry Dept. of the Univ. of 
Minnesota. The preparations were kept 


+ A preparation of alginic acids used as an agent 
for stabilizing emulsions. Obtained from Kelco Co., 
Chicago, II. 

¢ An emulsifying agent labeled Atmos 150. Ob- 
tained from Atlas Powder Co., Wilmington, Del. 
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TABLE I. Characteristics of Fats Tested. 


Linoleic Linolenie 
acid, acid, 
Fat Iodine No. g/100gfat g/100 g fat 
Cream 31.9 Ite! .60 
Corn oil 126.7 DED 86 
Safflower seed 144.2 72.0 48 
oil 
Olive oil 85.8 9.5 — 


These analyses were kindly carried out by Dr. R. 
T. Holman, Hormel Institute, Austin, Minn. 
Cream used as 35% whipping cream; corn oil from 
Clinton Foods, Inc., Clinton, Iowa; edible saf- 
flower seed oil from Pacific Vegetable Oil Co., San 
Francisco, Calif.; olive oil as Gerber’s U.S.P. olive 
oil. 
frozen until the day before they were to be 
dispensed when they were transferred to a 
cold-room at 4°C. 

Each student ingested one milkshake of his 
assigned code per day for 9 days and recorded 
on a chart in the laboratory the fact that he 
had or had not consumed the whole of each 
day’s milkshake. The time-of-day and the 
rate at which the milkshakes were consumed 
were entirely self-chosen and varied consid- 
erably among the students. No attempt was 
made to regulate the basal diet of the students 
beyond indicating to them that they could re- 
duce their consumption of bread and desserts 
if they were concerned about gain in body 
weight. The results of serum cholesterol de- 
terminations of all persons who failed on 2 or 
more days to consume a milkshake were ex- 
cluded from the tabulation of the results. The 
data of 18 persons were excluded on this basis. 
Some of the individuals consuming the saf- 
flower oil containing supplements complained 
of diarrhea and dropped out of the study 
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group for this reason. Fasting blood samples, 
from which the sera~were harvested, were ob- 
tained by vena puncture just prior to inges- 
tion of the first milkshake and on the day fol- 
lowing the consumption of the last milkshake. 
Body weights were recorded on the same 
days. Each student made a single determina- 
tion for total cholesterol content in his own 2 
sera samples by the method of Kingsley and 
Schaffert(17). The analyses of the 2 sam- 
ples were carried out concurrently, which per- 
mitted the colorimeter readings of the initial 
and final samples to be referred to the same 
developed cholesterol standard. The same 
sera were independently analyzed in duplicate 
for total cholesterol in the Laboratory of 
Physiological Hygiene by the method of An- 
derson and Keys(18). 


No subject or other person who took part 
in the analyses or in the final compilation of 
the results was aware of the identity of the 
fat in the coded milkshakes until after the 
selection and summation of the results. The 
results of 4 analyses by students of initial and 
final serum samples were excluded because the 
recorded result departed from the mean ini- 
tial result for the entire study group by more 
than 2 standard deviations. The initial and 
final analyses obtained by 11 other students 
were discarded because of known laboratory 
accidents or errors. The number of subjects 
given in the tables refers in each case to the 
number of individuals who satisfactorily com- 
pleted the dietary regimen and on whose se- 
rum samples acceptable initial and final chol- 
esterol determinations were obtained. 

Results. The results are given in Tables IT 


TABLE II. Alteration of Serum Cholesterol Contents during Periods of Fat Intake. 


Deviation of final serum cholesterol from 


No. of Initial serum cho- initial value 
Dietary group persons* lesterol, mg/100 ce mg/100 ce Yo t 12 
Corn oil A 34 226.7 = 50.771 — Bia) se Geilo) — Key} 6.01 <.001 
B 32 205.4 + 33.72 — 23.0 + 2.84 —11.2, 8.10 <.001 
Olive oil A 35 234.0 + 46.70 = ATA 1.08 — 6.1 1.85 07 
18) KO IOVS Ss 27M =—10.7 + 2.32 — 6.4 4.62 <.001 
Safflower oil A 26 220.3 + 32.84 — 22.8 + 5.92 = 9:9 3.85 <.001 
By 28 201.9 + 34.55 — 18.0 + 4.56 = 89 3.95 <.001 
Cream A 31 228.6 + 49.23 + 8.9+7.41 + 3.9 1.2 23 
B 32 194.6 + 29.72 + 2.8 + 3.19 + 1.5 .88 O70 


* A — Data obtained by students. B = Data obtained by 


giene. 


+ Mean + 8.D. t Mean + S.E. 


Sy 


aboratory of Physiological Hy- 
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TABLE III. Initial Body Weights and Body Weight Gains. 
Significance of body wt 
No. of Initial body wt Gain in body wt gains 
Dietary group persons (mean + S8.D.) (mean + 8.E.) t : 
i 2 001 
Corn oil ys 165.7 + 25.2 1.28 + .35 3.66 <i; 
Olive oil 36 160.4 + 20.47 Diese oi 2.59 .012 
Safflower oil 28 164.8 + 20.44 2.25 + .37 6.10 <.001 
Cream 2 155.0 + 24.02 1.15 + .32 3.60 <.001 
* 2 subjects failed to record final wt. 
I } . . 
and III. Statistical treatment of the results The standard deviations of the means of 


was made by a method of paired variates.’ 
This method gives a measure of the signifi- 
cance of the over-all differences between the 
initial and final observations for the individ- 
ual subjects in each group. 

The students obtained higher values for to- 
tal serum cholesterol than were observed in 
the Laboratory of Physiological Hygiene on 
analysis of the same sera primarily, it is be- 
lieved, because of differences in methodology 
in analytical procedures. The method used 
by the students does not involve hydrolysis of 
the cholesterol esters whereas the method of 
Anderson and Keys(18), a modification of 
the method of Abell et al.(19), effects hy- 
drolysis with alkali before application of the 
Liebermann-Burchard reagent for develop- 
ment of the color. Since cholesterol esters 
give a higher color intensity than free choles- 
terol in the Liebermann-Burchard reaction 
and free cholesterol is used as the standard, a 
method which does not hydrolyze the esters 
will necessarily give high values. From Table 
II the magnitude of this systematic over-esti- 
mation in the students’ analyses can be com- 
puted. In the 8 sets of comparisons (4 groups, 
each group “initial” and “final”), the stu- 
dents’ averages range from 4.0 to 20.3% 
above those from the Laboratory of Physio- 
logical Hygiene, the grand mean discrepancy 
being 13.1%. 


(N—1) (2d)? 


Vy N>d?- (2d)? 
ber of cases and ‘‘d’? is the difference between the 
initial and final observations for each subject. The 
calculated values of ‘‘t’’ are recorded in the tables 
in terms of probability that the results are due 
to chance, The calculations were independently 
checked by the authors. 


us 


where ‘‘N’’ is the num- 


the student analyses are larger than those of 
the mean results obtained by the Laboratory 
of Physiological Hygiene due, undoubtedly, to 
the lesser technical skill of the students. 
Nevertheless, owing to the large number of 
analyses, the same general conclusions, with 
one possible exception (olive oil group), are 
indicated by each set of determinations. 


The groups ingesting the 3 vegetable oils 
each exhibited statistically significant de- 
creases of total serum cholesterol while the 
subjects receiving cream exhibited a slight rise 
which is not significant statistically. The re- 
sult obtained with the corn oil group was of 
greater magnitude than that obtained with 
the other 2 vegetable oils. The difference in 
effect produced by corn oil and olive oil ap- 
pears to be real (P<0.01) but the data do 
not demonstrate a statistically significant dif- 
ference between the effects produced by corn 
oil and safflower oil. Safflower oil is the most 
unsaturated and has the highest linoleic acid 
content of the oils tested (Table I), and if 
these characteristics were the sole determin- 
ants of the cholesterol depressing action of 
these vegetable oils, safflower oil should have 
exhibited a clearly superior effect over that of 
corn oil. Since this result was not obtained, 
and because the result was, in fact, in the op- 
posite direction, it appears that the choles- 
terol lowering qualities of corn oil are not 
due solely to its content of linoleic acid or de- 
gree of unsaturation as expressed by the 
iodine value. 


Each of the 4 groups of students exhibited 
significant increases in body weight over the 
9 days of the experiment, the grand average 
gain being 1.37 lb or 0.62 kg. This fact indi- 
cates that the subjects did not reduce their 
caloric intake from other foods by an amount 
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equal to that of the milkshakes. Neverthe- 
less, some reduction of intake of ordinary 
food of the diet must have occurred with a 
majority of the subjects because the weight 
gain, with the exception of the safflower oil 
group, was not as great as would have resulted 
had the milkshake calories been added to 
those of an unreduced pre-experimental diet. 
A gain of 1 kg from simple overeating repre- 
sents tissues having a value of about 6180 
calories(20). Since the caloric content of 
the milkshakes over the 9-day period was 
6157 calories the subjects would all have 
gained about 1 kg had they not reduced their 
intake of ordinary food. Only in the case of 
the safflower oil group was the weight gain of 
this magnitude. The average weight gain of 
the other 3 groups was 1.1 lb or 0.5 kg. 
Hence it is indicated that these students 
stored on an average 3090 calories. Since 
the milkshakes provided 6157 cals. a total 
of 3067 cals., or 340 cals. per day, of ordi- 
nary food of the diet was supplanted by the 
milkshakes. It is not possible to determine 
what ordinary food items were involved in 
this dietary substitution but it must be as- 
sumed that a part of the reduction in the 
ordinary diet was at the expense of beef and 
dairy fats since these are prominent in the 
usual diet and are most easily omitted at the 
table. These considerations then lead to the 
point that a part of the reduction of serum 
cholesterol concentration in the subjects in 
the corn oil and olive oil groups may have 
been due to reduced intake of saturated fats. 
The same consideration also suggests that the 
cholesterol lowering in the safflower oil group 
might have been of a somewhat greater degree 
had the individuals in this group reduced their 
intake of ordinary food fat to the same extent 
as those of the other groups. 

It would appear that the serum cholesterol 
changes observed may have been the result of 
the following factors: 1) addition to the diet 
of 57 g per day of the experimental fat, 2) 
removal of ordinary diet fat, mainly of the 
saturated type, 3) slight positive calorie bal- 
ance with attendant requirement of extra fat 
transport in the body to fat stores, 4) opera- 
tion of the factor associated with unsaturation 
of fatty acids in the experimenal fat, and 5) 
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operation of the ‘““X” factor in corn oil. 

While evaluation~of the contribution of 
each of the several factors listed above to the 
cholesterol change cannot be precise, the find- 
ings as to net effects of the several fats used 
as supplements show what may be expected 
with persons using such supplements with a 
view to serum cholesterol control. Corn oil is 
indicated to be the fat of preference but with- 
out any clear margin over safflower oil. Since 
the body weight response was almost identical 
in the groups ingesting butterfat, olive oil and 
corn oil, the results with these fats raise no 
question of full comparability as is the case 
with safflower oil. 

Summary. Serum total cholesterol concen- 
tration was measured in 122 young men and 
19 young women before and after 9 days dur- 
ing which each person ingested daily 57 g of 
corn oil, olive oil, safflower oil or butterfat. 
The subjects were instructed to follow their 
usual diets during this period and body weight 
measurements indicated that the experimental 
fats did not supplant an equal quantity of 
ordinary diet calories. The subjects who in- 
gested butterfat showed a slight but statis- 
tically insignificant rise in the serum choles- 
terol while those who ingested the other fats 
exhibited a statistically significant decrease, 
averaging 23.0 + 2.8 mg per 100 ml with 
corn oil, 18.0 + 4.6 with safflower oil and 
10.7 + 2.3 with olive oil. Compared with the 
safflower oil the corn oil was more saturated 
(iodine value 126.7 vs. 144.2) and contained 
less linoleic acid (57.5 vs. 72.0%), so it is 
concluded that the cholesterol depressant ac- 
tion of the corn oil was not fully accounted 
for by its degree of unsaturation or content 
of “essential” fatty acid. Since the subjects 
in all groups gained some weight, it appears 
that at least some effects of the 3 vegetable 
oils tested can be obtained without exact iso- 
calorie substitution in a normal diet. 
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Kidneys transplanted from one dog into 
another are usually rejected within five to 
ten days(1). A characteristic pathology de- 
velops in these tissues and it is generally ac- 
cepted that this rejection is mediated through 
an immunological reaction(2). The opera- 
tive procedure previously employed for trans- 
plantation requires an interruption in the 
blood supply for at least 20 minutes. The 
contribution of the ischemic period to the de- 
velopment of the subsequent metabolic and 
pathologic states is unknown; however, it 
seems likely that it may produce non-specific 
damage to the renal tissues. We have devised 
a technic whereby the kidney can be trans- 
planted without interruption of its blood sup- 
ply, thus permitting study of the rejection 
process without the complicating factor of 
ischemia. 

Methods. In principle, the new procedure 
takes advantage of the fact that the aorta 
and vena cava form a “T” connection with 


* Supported in part by the Josiah Macy, Jr. Fn. 
+The authors gratefully acknowledge the assis- 
tance of Genevieve Edwards, R. N. 


their respective renal vessels. This structural 
arrangement permits perfusion of the renal 
vessel from below during the time when the 
upper section of the aorta or vena cava must 
be occluded for the vascular suturing. For 
example, in the arterial system the blood may 
flow into the renal vessel either from above 
as it normally does or from below the point 
of origin of the artery on the aorta. In our 
procedure, the accessory circulation provides 
arterial blood for the kidney through the 
aorta via a connection through a plastic tube 
with the host’s carotid artery. This blood 
enters the aorta below the point of origin of 
the renal vessel. The same principle is used 
to return the renal venous blood through the 
vena cava below the point of origin of the 
renal vein, and back through the external 
jugular to the donor’s heart. The donor ani- 
mal is prepared by dissection of the left kid- 
ney, its ureter and the renal vessels. The 
aorta and vena cava are also freed for a dis- 
tance of 174 inches above and 1% inches 
below the renal vessels. All of the major ab- 
dominal vessels except those referred to above, 
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METHOD FOR TRANSPLANTATION OF KIDNEY WITHOUT 
INTERRUPTION OF ITS BLOOD SUPPLY 


(ESap TS 
Jugular Vein, | 
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\ 
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cama ————— 
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M.Cook 


DONOR 
FIG. 1. This diagram illustrates state of the donor 
just before kidney is transferred to the host. Note 
sites of anastomoses which will be connected to 
iliac vessels of the host. 


are tied and divided. The carotid artery and 
jugular vein are also isolated and, as men- 
tioned above, these vessels are employed to 
provide the accessory circulation. <A_poly- 
ethylene tube about 2% feet long is filled with 
saline and inserted into the carotid artery. 
The opposite end of this tube is put into the 
aorta below the renal artery. Clamps are ap- 
plied until a flow of blood through the tubes 
is desired. A similar procedure is used for 
the venous system to connect the vena cava 
distal to the renal vein with the donor’s ex- 
ternal jugular vein. Clotting in the tube is 
controlled by intravenous administration of 
heparin. During the manipulations described 
above, the normal channels for renal blood 
flow are intact. The clamp on the tubing is 
now removed so that blood flows from the 
carotid artery into the aorta and from there 
through the renal artery to supply the kidney. 
At the same time that the clamp is removed 
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from the tubing, another clamp is placed on 
the aorta above the-fenal artery so that the 
normal route of blood flow is blocked. The 
venous system is treated in a similar manner. 
The venous blood now flows from the renal 
vein into the vena cava and then via the 
plastic tubing into the external jugular vein 
of the donor. The aorta and vena cava are 
tied and divided rostral to the renal vessels. 
The kidney can be lifted from its bed and 
moved to an adjoining operating table with- 
out interruption in its blood supply. Fig. 1 
illustrates the conditions prevailing just prior 
to the time the donor kidney is removed from 
its normal position. 


The host has already been prepared on the 
adjoining operating table. Its iliac vessels on 
the side nearest the donor are _ isolated, 
clamped and divided. The aorta and vena 
cava are anastomosed to the iliac artery and 
vein, respectively. The most difficult part of 
the surgery results from the need to adjust 
the diameter of the cut end of the vessels so 
that there will be no subsequent constriction 
at the suture line. The circumference of the 
smaller iliac vessels can usually be enlarged 
by cutting it at an angle. In this way it is 
possible to match it to the larger aorta or 
vena cava. 

When the vascular anastomoses are com- 
pleted, the clamps on the host’s vessels are 
removed to allow the host’s blood to pass 
through the kidney. At the very moment that 
these clamps are released, another set is ap- 
plied to the tubing, blocking the donor blood 
flow to the kidney. Thus, at no time is there 
an interruption in the blood supply to the kid- 
ney nor an interchange of donor and_ host 
blood. 

The transplanted kidney is placed in the 
abdominal cavity of the host and its ureter is 
exteriorized through a stab wound. Urine can 
be collected from the isolated ureter. 

The kidney has a continuous blood supply 
throughout the procedure. Pulsations from 
the renal artery can be directly observed dur- 
ing the operation. The capsule retains its 
normal pink color, and some of its vessels are 
noted to bleed freely. The ureter remains 
so well vascularized that the blood loss from 
its cut end must be controlled. Equally im- 
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portant, urine is observed to flow throughout 
the operation, and continues without interrup- 
tion when the host’s blood is started through 
the kidney. 

Twenty-four operations have been per- 
formed. One of the animals failed to produce 
urine and was discarded within 4 hours fol- 
lowing surgery. Twenty-three of the opera- 
tions were acutely successful. However, 10 
of these kidneys failed to function for more 
than one day due to the formation of a throm- 
bus in the renal vein or artery. Thirteen of 
the transplants continued to secrete urine for 
periods of one to 8 days, at which times the 
kidneys were removed. 

The lack of ischemia during the trans- 
plantation operation does not confer a marked 
prolongation of function to the kidney. How- 
ever, there appear to be some benefits from 
transplantation without interruption in the 
blood supply. The tissue in Fig. 2 illustrates 
the extent of the rejection process six days 
after transplantation. The cellular infiltra- 
tion is not prominent. On the other hand, a 
kidney which has been subjected to a period 


FIG. 2. Section from kidney transplant 6 days 

after introduction into host (H & H, 100). This 

kidney was transplanted without an interruption 

in its blood supply. Note lack of white cell infil- 
tration, 


KIpNEY TRANSPLANTATION WITHOUT ISCHEMIA 


FIG. 3. Section from kidney transplant showing a 

marked infiltration of white cells, 6 days after in- 

troduction into the host (H & E, 160). This kid- 

ney was subjected to a period of ischemia during 
the operation. 


of ischemia during the operation (Fig. 3) 
shows a marked infiltration of white cells as 
well as a considerable amount of necrosis 
when it has been present in the host for 6 
days (see also 2). 

Summary. A technic is described for trans- 
plantation of the dog kidney from one animal 
to another without any interruption of the 
organ’s blood supply. An accessory circula- 
tion from the neck vessels of the donor animal 
is provided for the kidney during the time 
required to connect the renal vessels to the 
host’s vascular system. This procedure per- 
mits the study of the transplant rejection 
process without the ischemia which is a com- 
plicating factor in the technics usually em- 
ployed. Transfer of the kidneys without 
ischemia does not markedly prolong the pe- 
riod of function, however the pathological 
changes which occur within the first few days 
following transplantation may be delayed. 


After this work was completed and the manu- 
script submitted for publication, our attention was 
drawn to the papers of Paul Govaerts who used 
similar but not identical procedures to those described 
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in our article to carry out acute experiments on the 
effect of diuretics on kidney function (P. Govaerts, 
C. R. de la Soc. Biol., 1928, v99, 647; Arch. Internat. 
Pharmacodyn. et de Thérapie, 1929, v36, 99). The 
technic was also employed by Brull (C. R. de la Soc. 
de Biol., 1931, v107, 248, 249) for short-term experi- 
ments. 
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Colorimetric Method for Estimating Number of Cells in Monolayer 


Cultures without Physiological Damage.* 


(23463) 


CATHERINE RAppAporT (Introduced by J. L. Melnick) 
Section of Epidemiology and Preventive Medicine, Yale University School of Medicine, 
New Haven, Conn. 


A colorimetric method for determining the 
number of cells in monolayer cultures of mon- 
key kidney cells has been developed. The 
method depends on production of hydrogen 
ions by the cells and consists in measuring 
change in absorption of a standard physio- 
logical salt solution of phenol red after a 15- 
second exposure to the cultures. The pro- 
cedure avoids the physiological damage 
usually resulting when cells are removed from 
the glass surface for counting and makes it 
possible to estimate reliably the number of 
cells in the particular culture which is being 
studied. 

Studies on many thousands of cultures dur- 
ing the last 6 months have shown that the 
amount of phenol red acidified under these 
conditions is correlated with the number of 
cells in the culture over a wide range of cul- 
tivation conditions and of age. The method 
proved useful particularly as a method of 
selecting from among a large number of cul- 
tures those having the same cell number with- 
in + 10%. The mechanism of the reaction 
is not completely understood, and it is there- 
fore not possible to evaluate all of the factors 
which might give anomalous results. In this 
paper the details of the procedure and factors 
controlling the sensitivity of the method will 
be given. Some of the possible sources of 
error, as determined from these limited 
studies, will be considered. 


* Aided by grant from The National Foundation 
for Infantile Paralysis. 


Material and methods. Monolayer cultures 
of monkey kidney cells were grown out from 
freshly trypsinized rhesus monkey kidneys 
in either medium M + H (0.5% lactalbumin- 
hydrolysate, 2% calf serum, Hanks’ salt solu- 
tion) (1) or the completely synthetic, protein- 
free medium SM-2(2) in 2-3 oz Brockway 
prescription bottles. Phenol red was the com- 
mercial LaMotte soluble product used either 
as obtained or after recrystallization from 
dilute alcohol. Cell counts were done by a 
modification of the Parker(3) method for 
counting nuclei. The modifications consist in 
using small volumes of citric acid to obviate 
the need to concentrate the cells by centrifu- 
gation and in adding the crystal violet within 
at least 5 minutes after the citric acid in 
order to stop the continued swelling and 
bursting of the nuclei. The exact procedure is 
as follows: 1) The supernatant fluids from 
the cultures are decanted, the bottles drained, 
and the cell layer covered with 1% tannic 
acid for 114-2 minutes. 2) The tannic acid is 
decanted, the bottles drained on adsorbent 
paper, and exactly 2 ml of 10% citric acid is 
added to the cell layer. 3) After about a min- 
ute in contact with the citric acid, the bottles 
are shaken vigorously for 10-15 seconds. The 
time required to remove the cells from the 
glass and the amount of shaking depends on 
the age of the cells and whether they have 
been grown in a serum-containing or protein- 
free medium. With both cell types the older 
cultures (more than 5 days) are removed 
easily in 15-30 seconds, whereas younger cul- 
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tures may take as much as 5 minutes with 
vigorous shaking. Three- to 5-day-old cul- 
tures grown in synthetic medium may take 
as much as 5 minutes with vigorous shaking. 
4) The nuclei are stained by adding 0.5 ml 
of 0.1% crystal violet in 0.1 M citric acid 
(4). Chemical determinations. Total endo- 
genous polysaccharide was determined with 
the anthrone reagent as modified by Fales(5). 
The monolayers were first collected by solu- 
bilization in 0.2 N NaOH for a minute. 
Spectrophotometric determinations were made 
using the Beckmann Model DU spectropho- 
tometer. Temperature in all of these experi- 
ments was the room temperature of 24-25°C. 

Preliminary studies. Physiological salt so- 
lution. These studies were done using a 
physiological salt solution similar to both 
Hanks and Earles, containing NaCl 8.0 g, 
KCl 0.4 g, MgSO, * 7 HeO 0.2, CaCle 0.14, 
and Na,HPO, 0.426 g, per liter of deminer- 
alized distilled water. The combined solu- 
tion has a variable pH which declines on stor- 
age, due to the slow supersaturation with COs. 
To be assured of the same pH, it is necessary 
to make up the medium as follows: The NaCl, 
KCl, and MgSO, are made at 10 times con- 
centrated combined stock. The CaCls is kept 
at a separate 10% solution. A quantitative 
0.30 M solution of NasHPO, made from the 
commercial anhydrous form which is kept in 
a desiccator is made and distributed to test 
tubes which are tightly stoppered. Each 
time the physiological salt solution is consti- 
tuted, a previously unopened tube of dibasic 
phosphate is used. The final solution com- 
bined from the stocks diluted with distilled 
demineralized water equilibrated at room 
temperature (24-25°C) has a pH of 8.05 + 
.05 as measured by the Beckmann Model H-2 
pH meter. Phenol red is a weak acid which 
dissociates in the pH range 6.8 to 8.2. The 
peak of maximum absorption in the visible 
range of the spectrum in the physiological 
salt solution at alkaline pH is at 560-562 me. 
On acidification, the absorption at this region 
declines, with the appearance of an absorp- 
tion band between 400 and 460 mz. The ab- 
sorption at 484 my is invariant with pH. It has 
been found that phenol red obeys Beers’ law 
within the range of concentrations which can 
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FIG. 1. Absorption of standard phenol red solu- 
tion at 560 my between pH 8.0 and 7.0. 


FIG. la. Change in absorption (delta o.d.) of 
standard phenol red solution as a function of 
amount of acid (A H*) added to 10 ml of the salt 

solution. 


be measured directly. It has also been found 
that when working at the level of 6-8 g per 
liter of NaCl, as in physiological salt solutions, 
the extinction is not affected by changes in 
the concentration of the common ions. 

The change in adsorption at 560 mz on ad- 
dition of measured quantities of 0.10 N HCl 
is shown in Fig. 1. It is clear that the change 
in absorption (delta o.d.) for a given quan- 
tity of acid (delta H+) is constantly declin- 
ing in the pH range of 8-7. This relationship 
is seen more clearly in Fig. la where the 
delta o.d. has been plotted against delta H+. 
These data mean that when phenol red is 
used to measure a change in H~, the change 
in absorption must be calibrated by titration 
with a standard acid, in order to eliminate 
differences in absolute quantities of phenol 
red, the amount of true titratable phenol red 
in the preparation, and to a lesser extent the 
sensitivity of the spectrophotometer used to 
measure delta o.d. Since the absorption peak 
at 560 me is very sharp, the band width of 
the light incident on the sample will influence 
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and cell number in monolayer cultures of monkey 
kidney cells. Mean avg nuclei count plotted 
against change in absorption (A 0.d.) at 560 my 
during a 15-sec. exposure of the cultures to stand- 
ard phenol red solution containing 3 X 10° M Na, 
HPO, at pH 8.05 or adjusted to pH 7.70 with 
standard acid. Total fluctuation in nuclei counts 
(3-4 samples) indicated by bars. 


the magnitude of the delta o.d. with the same 
delta, He": 

Procedure to determine cell number. The 
method depends on determining amount of 
hydrogen ion produced by monkey kidney 
cells, by determining the change in absorp- 
tion at 560 mez of a standard phenol red solu- 
tion. The procedure is as follows: The me- 
dium from the culture to be titrated is de- 
canted and the bottles drained 10-15 seconds. 
The residual culture medium is removed by 
rinsing the bottles 2 times with 10-15 ml por- 
tions of the physiological salt solution and 
the bottles drained. The bottle is placed so 
that the standard phenol red solution can be 
pipetted directly onto the cell layer. Using a 
stop watch timed from the second that the 
solution touches the cell layer, 3.0 ml of the 
standard solution is added to the bottle. 
After 15 seconds, the fluid is decanted and 
absorption at 560 m# is determined. The 
difference in absorption between the standard 
solution and the effluent solution (phenol red 
index) is determined. 

The phenol red index was determined on 
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more than a hundred-monolayer cultures of 
monkey kidney cells and compared with cell 
number as determined by counting nuclei of 
the same cultures. The cultures had been 
grown out in 2 different media, a serum con- 
taining medium, and the completely synthetic 
medium SM-2, and were studied between the 
3rd and 35th day of in vitro life. Several 
cultures which had degenerated because the 
medium had not been changed were inten- 
tionally included. The data for these calibra- 
tion curves have been presented in Fig. 2. It 
is seen that the change in absorption is corre- 
lated within + 10% with the number of cells 
(nuclei) in the cultures. 


The pH of the effluent solution as deter- 
mined by the Beckmann Model H-2 pH meter 
and the pH expected from the change in o.d. 
(Fig. 1) agreed within the limits of measure- 
ment with this meter (+ 0.1 pH unit). The 
change in absorption therefore can be ascribed 
primarily to production of hydrogen ions. 
The calibration curves show that the sensi- 
tivity of the method is greater with the pH 
of the standard solution at 8.0 than at 7.7. 
This agrees with the titration curve of the 
phenol red solution (Fig. la). The calibra- 
tion curves also show that the delta o.d. is 
not a straight line function of cell number, 
but as would be expected from Fig. la, de- 
creases with increasing cell number. Since 
the method is actually measuring delta H~ 
as a result of cell number, it is useful to plot 
delta H* as a function of cell number. This 
may be done (Fig. 3) by determining the 
delta H* from the delta o.d. (Fig. la) for a 
given cell number (Fig. 2). It is seen that the 
amount of hydrogen ion produced is a linear 
function of cell number. This finding indi- 
cates that between pH 8.0 and pH 7.2, the 
range indicated by maximum delta o.d., the 
mechanisms involved in the production of 
hydrogen ion by the cells are independent of 
pH of the medium. 


The phenol red index is now determined 
routinely on all cultures grown out from the 
trypsinization fluids in order to select cultures 
having the same cell number within a desired 
range for further study. The manipulations 
involved, including timing of the rinses, 
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FIG. 3. Amount of H* produced as a function of 

number of cells in monolayer monkey kidney cul- 

tures. pH of the standard solution was varied be- 
tween pH 7.4 and 8.0 + .05. 


amount of fluid used to rinse or pH of the 
rinse solution between 5.7 and 8.0 have not 
been found to affect the phenol red index. 
One obvious difficulty when large numbers of 
cultures are studied is the change in pH of 
the standard phenol red due to diffusion of 
CO, from the air. This may be obviated 
simply by covering the solution with mineral 
oil (Dracol) and using a dispensing flask with 
an outlet at the bottom attached to an auto- 
matic Cornwall pipetting outfit. The connec- 
tion to the pipetting outfit should be of glass 
except for the minimum amount of gum rub- 
ber needed for manipulation. In experiments 
where a large number of bottles are being 
screened, time of exposure has been reduced 
to 10 seconds, which is within the time error 
of manipulations when using the automatic 
pipetting outfit. When screening a large 
number of cultures it was also useful to use 
a spectrophotometer not requiring special cu- 
vettes. We have used both the Bausch and 
Lomb Spectronic 20, and the Beckmann 
Model C with a Corning glass 560 me filter 
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and matched ordinary test tubes. With these 
instruments the accuracy is somewhat less 
than with the Beckmann model DU and is 
about + 15%. 

Standardization of phenol red solution. It 
has been shown that the amount of hydrogen 
ion produced by monolayer cultures of mon- 
key kidney cells is a function of the number 
of cells in the culture. The amount of hydro- 
gen ion may be determined, as was done above 
directly from the delta o.d. of the standard 
phenol red solutions, provided two criteria 
are met. 1) The standard solution must have 
the same pH, since the delta o.d. with delta 
H~ varies with pH (Fig. 1). A method has 
already been given for obtaining a standard 
solution with a constant pH. 2) The standard 
solution must have a constant quantity of 
titratable phenol red. In the salt solution 
used, the buffering capacity of the medium is 
due to the Na2HPO,. Since phenol red obeys 
Beers’ law, a 2-fold difference in concentra- 
tion of phenol red gives a 2-fold increase in 
the delta o.d. for a given delta H+. When 
using recrystallized phenol red solution, a 
constant quantity of phenol red may be ob- 
tained by determining the absorption at 560 
me. Since most commercial preparations of 
phenol red are impure, and since in fact even 
recrystallized material changes on standing, 
the extinction at 560 m+ is not a sufficient cri- 
terion of the amount of titratable phenol red 
in the solution. One method for adding the 
same amount of titratable phenol red when 
using different commercial samples is as fol- 
lows: From a 0.5% stock solution in water, 
0.05 ml, 0.10 ml, and 0.150 ml are added to 
100 ml aliquots of the salt solution. The o.d. 
at 560 me of these solutions is determined 
and the delta o.d. obtained on adding 0.01 ml 
of standard 0.1 N HCl per 10 ml for each 
of the solutions is determined. Delta 0.d.’s 
are plotted versus milliliters of the phenol red 
added; the amount of stock solution giving a 
desired delta o.d. for the standard solution 
is extrapolated from the curve. For these 
studies, a delta o.d. of 0.150 + .005 was se- 
lected. This represents a concentration of 
5.0 mg per liter, with our best recrystallized 
phenol red preparation. Several commercial 
preparations have been standardized in this 
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FIG. 4. Kinetics of H* production and require- 

ment for K*. Cultures had been selected from a 

series of 9-day-old ‘‘M’’ cultures to have the same 
phenol red index. 


way and found to give the same phenol red 
index as the recrystallized material. The 
phenol red stock solutions are stable for sev- 
eral weeks if kept in the dark. 

Kinetics of acidification of phenol red and 
effect of Na+ and K+. The amount of 
H+ produced was determined as a function 
of time. It is seen (Fig. 4) that the rate is 
constant between 5 seconds and 2-3 minutes. 
Since this rate does not extrapolate back to 
zero, there is indication of a very rapid pri- 
mary reaction. The K+ has been found to 
be very critical for the H* production. As 
shown in Fig. 4, the production of H* is 
almost completely suppressed in the absence 
of K+ in the salt solution. It is limited after 
2 minutes at a concentration of 0.1 g/liter of 
Kt, even in the presence of high Nat con- 
centration (8 g NaCl/liter). 

In contrast, the effect of the Na+ was not 
so great in this system. In Table I, changes 
in absorption and amount of acid produced in 
the salt solution without NaCl are given. The 


concentration of Na‘ could not be reduced 
below 0.134 g per liter, because of the pres- 
ence of Na2sHPO, needed for the buffer. Since 
omission of NaCl significantly changes the 
spectrum of phenol red, it was necessary to 
retitrate the phenol red with standard acid 
in this solution. Table I shows that there 
was no significant effect on the primary re- 
action in the absence of NaCl; the secondary 
reaction was only slightly inhibited. 


Invariance of the phenol red index with en- 
dogenous polysaccharide reserves. In the 
studies already presented, the production of 
hydrogen ions by monkey kidney cells was 
followed in a solution in the absence of any 
exogenous carbon. If energy is required for 
this reaction it is presumably made available 
by the endogenous polysaccharide reserves of 
the cells. Thus if the phenol red index was 
dependent on a critical level of these reserves 
it might give erroneous indication of cell num- 
ber under different metabolic regimes. In an 
effort to check this the phenol red index was 
studied in cultures which had different levels 
of endogenous reserves. 


The amount of polysaccharide (anthrone- 
positive material) in cultures of monkey kid- 
ney cells varies with age of the culture and 
with frequency of replenishment of the me- 
dium. The variations in the level of endoge- 
nous polysaccharide reserves in cultures be- 
tween the 8th and 12th day after seeding and 
the effect of time of replenishment are shown 
in Table II. For this experiment the cultures 
had been matched for cell number on the 4th 
day after seeding by taking the phenol red in- 
dex. At the time of the experiment the phenol 
red index was determined for each culture be- 
fore the anthrone test. Several cultures of 


TABLE I. Kinetics of H+ Production in Salt Solution with Different Concentrations of NaCl. 
ee OO lOO 


ss 1 NEO —————_ 3.22 g Nat ——______,, 


Equivalent ml 
0.1 N HCl1/10 ml 
of same low so- 


Equivalent ml 
0.1 N HC1/10 ml 


Time J 0.d. dium salt sol. Time A o.d. of same salt 
i SCC, ALS (Oat 5 sec. 155 O11 
1 min, 170 .019 1 min. .265 .027 
2g .210 .030 Ses 415 .053 
bye 300 .052 Bight .470 .067 


9-day-old cultures had been selected to have the same phenol red index. 
* Contributed by the Na,HPO, used for buffer, Salt solution had no added NaCl. 
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Equiv. cell 


vy equivalents of glucose 


Cell No. x 10° : 


and replenish- index No. X 10° (avg haemocy- poe 6 cells 
ment schedule (pH 8.0) + 10% tometer count) perculture Per 10° cells 
8 days old—re- 290 2.81 oe 60 21 
enished : 280 2.32 
ers = 272 225 49 21 
, 273 2.5 51 20 
280 2.40 
278 2.6 52 20 
285 2.72 55 20 
275 2.55 50 19 
9 days old—re- 320 3.31 : oe 
plenished at 300 2.95 105 35 
6 & 8 days 310 Oeics 120 37 
340 3.45 130 38 
9 days old—re- .265 2.40 32 13 
plenished at 270 2.50 28 ila 
6 days .270 2.50 30 12 
: 260 2.35 27 11 
280 2.52 
278 2.55 32 12 
12 days old—re- 275 2.50 180 72 
plenished at 6, 285 ete 205 75 
8,10 & 11 days 280 2.60 192 74 
282 2.60 187 72 
TE 2.55 


Cultures had been matched 


each series were also used for cell counts. The 
number of nuclei recovered agreed within -+ 
10% with the number expected from the 
phenol red index. On the other hand, on the 
basis of cell count the polysaccharide reserves 
varied between 11 y and 70 y per 10° cells. 
It may be concluded that the phenol red index 
is independent of endogenous polysaccharide 
reserves above a level of 10 y per 10° cells. 
The effect of severe starvation in a salt 
solution on the phenol red index has been 
studied. The phenol red index and the total 
nuclei were determined in a series of matched 
cultures which were changed from the M-H 
medium to Hanks salt solution containing no 
glucose. The number of cells expected from 
the phenol red index and the number of nu- 
clei actually recovered after fixing with tan- 
nic acid and shaking with citric acid have been 
plotted at different times during the starva- 
tion. It is seen (Fig. 5) that when 7-day-old 
cultures are changed from the complete se- 
rum-containing medium to the salt solution 
without glucose, there is a rapid dissolution 
of the cells. This was reflected not only in 


for cell number on the 4th day of outgrowth. 


decrease in the number of nuclei actually re- 
covered but also in the uneven staining and 
broken membranes of those nuclei which were 
recovered. The count is only an approximate 
indication of the number of normal cells in 
the cultures. The count of cells expected 
from the phenol red index was significantly 
lower during the first 8 hours than the num- 
ber of nuclei recovered. At 24 hours, how- 
ever, the phenol red index was a reliable in- 
dication of the number of nuclei in the cul- 
ture recoverable under these conditions. Rate 
of decline of the phenol red index during the 
first 8 hours is only about 2 times the rate of 
loss of recoverable nuclei. The observation 
suggests that mechanisms involved in excre- 
tion of hydrogen ions by the cells are main- 
tained by the lowest metabolic rates com- 
patible with the integrity of the cell. 

Acid properties of glass. The excretion of 
H* shown to occur in salt solution presum- 
ably continues to some extent during growth. 
Since glass binds H+ during rinses with 
strong acid, or even during autoclaving in 
water, it may be expected that the glass be- 
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FIG. 5. Effect of starvation on phenol red index. 
Seven-day-old cultures transferred after rinsing in 
salt solution from the lactalbumin-hydrolysate-calf 
serum medium to Hanks salt solution without glu- 
cose. Number of nuclei indicated by value of the 
phenol red index determined at different times 
during starvation is compared to the number of 
nuclei recovered after treatment with citric acid. 


comes acid during growth. That glass does 
retain H+ is shown by the fact that the side 
of the glass on which the cells were not grown 
will acidify phenol red. Indeed, as will be 
discussed elsewhere, glass scraped clean of 
cells will still acidify phenol red. The glass 
used in these studies does not bind H~ sig- 
nificantly before the cells have attained a 
population of 0.5-1.0 x 10°, at which time the 
glass is nearly covered. If the phenol red 
solution is placed directly onto the cell layer, 
the contribution from the glass is negligible 
and has already been accounted for in the 
calibration curve. Glass, however, differs in 
the rate at which it binds H+. It is probable 
that the calibration curve is valid only for 
cultures growing in the same type of glass. 
Discussion. It has been found empirically 
that the amount of hydrogen ions excreted by 
monolayer cultures of monkey kidney cells is 
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correlated with number of cells in the culture 
over a wide range of cultivation conditions 
and of age. The amount of hydrogen ions 
excreted seems to be independent of levels of 
endogenous polysaccharide reserves of the 
cells. Even under conditions of extreme physi- 
ological stress, 7.e., starvation in a salt solu- 
tion without glucose, rate of hydrogen pro- 
duction decreased at only twice the rate of 
the decline in cell number. The results sug- 
gest that the excretion of hydrogen ions is a 
primary function of the cell which is main- 
tained by the lowest metabolic rates com- 
patible with the integrity of the cell. 


The excretion of hydrogen ions has been 
studied extensively in perfused kidney (6), in 
stomach mucosa(7), and in yeast(8). Pre- 
liminary studies in this laboratory indicate 
that it is a characteristic function of other 
mammalian cells growing in vitro. The 
mechanism of hydrogen ion excretion is not 
understood and the studies presented here 
were designed only to evaluate the possible 
sources of error when it is used as a quantita- 
tive indication of cell number. Unfortunately, 
all the possible errors can not be evaluated 
until the mechanism has been clarified. It 
would seem, however, that mammalian cells 
growing im vitro may be used for quantitative 
studies on the mechanism of ion exchange. 

Summary. A method has been presented 
for determining the number of cells in mono- 
layer cultures of monkey kidney cells without 
physiologically damaging them. The method 
consists of determining the change in absorp- 
tion of a phenol red solution after a 15-second 
exposure of the cultures under standard con- 
ditions. These conditions include the use of 
a standard solution defined with respect to 
pH, quantity of titratable phenol red, and 
buffering salt, and the use of the same type of 
glass in the different cultures. The change in 
absorption appears to be a simple consequence 
of the production of hydrogen ion by the cells. 
It is critically dependent on the presence of 
potassium but independent of an exogenous 
carbon source, and, independent of endoge- 
nous polysaccharide reserves over a_ wide 
range. The amount of hydrogen ion produced 
may be sufficiently independent of cell age 


316 


and metabolism to be a reliable method for 
the estimation of growth in cultures. 
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Diabetes Mellitus and Serum Vitamin B,: Concentrations: 333 Patients. 


(23464) 


Witutam P. Bocer, S. CLYDE STRICKLAND, LEMUEL D. WRIGHT 
AND J. L. CIMINERA 


Since a role for vit. By. in transmethylation 
and the transformation of carbohydrate to fat 
has been invoked(1), it is natural that devia- 
tions in the By. metabolic pattern should be 
looked for in the most obvious defect of car- 
bohydrate metabolism, human diabetes mel- 
litus. It is conceded that patients with dia- 
betes show an accelerated rate of development 
of cardiovascular degenerative disease, not 
directly correlated with age of onset, duration, 
or severity of the diabetes. Vascular disease 
of the retina, diabetic retinopathy and glo- 
merulosclerosis with or without the Kimmel- 
stiel-Wilson syndrome, are regarded as ad- 
vanced manifestations of vascular degenera- 
tion. Observations correlated with these 
conditions raise the question whether the re- 
lationship is with severe vascular disease inde- 
pendent of diabetes or with diabetes itself. 

Methods. Patients from 4 large diabetic 
clinics* were studied. Single serum samples 
were obtained from fasting patients and were 
assayed for their By. content by the Lacto- 
bacillus leichmanti method(2,3,4). All sera 
were frozen and held at —20°C until assay and 


* The authors wish to express their indebtedness 
to Dr. Wallace W. Dyer of the Philadelphia General 
Hospital and Dr. Harry S. Lipscomb of Jefferson 
Davis Hospital, Houston, Texas, for their kindness 


in having supplied us with the sera from diabetic 
patients. 


those specimens which were not frozen upon 
receipt were discarded. The diagnosis of dia- 
betic retinitis in the patients studied was ac- 
cepted only on the basis of an examination by 
an experienced ophthalmologist within a week 
of assay. The diagnosis of diabetes in all pa- 
tients studied was established by history and 
the requirement of insulin for prolonged 
periods. 

Results. The results are recorded in Tables 
I to IV. Normal groups for comparison were 
not obtainable from all institutions for it is 
not common for normal individuals in any 
number to be institutionalized. ‘The statisti- 
cal methods seemingly most appropriate to 
this study have been employed in the analysis 
of the data(5,6). Certain variables inherent 
in such a study as has been carried out, can- 
not be eliminated. The onset of diabetes mel- 
litus is superimposed upon pre-existent physi- 
ology and pathology and diabetes in “pure” 
form in a patient free from abnormalities 
which, in the absence of diabetes would be re- 
garded as falling within the limits of normal, 
is rare. 

It is clear that where controls were avail- 
able there was no consistent difference be- 
tween diabetics and these “normals.” Simi- 
larly, in the 3 studies where the subjects had 
been screened for retinopathy there was no 
apparent difference between patients with and 
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TABLE I. By Levels (uug/ml) in Diabetics (PaH). 


3 z 2 > 
No No 
; retinopathy Retinopathy retinopathy Retinopathy 
Avg By 640 520 970 980 
Range B,, 380-970 260-780 580-1440 260-2490 
Avg age — 68 63 65 57 
No. subjects 5 4 12 


There was no obvious difference between subjects with retinopathy and those without retino- 


pathy. The females had significantly (P <0.05) higher levels than the males. 


controls were available for this study. 


without retinal disease. The smallness of 
numbers raises some question of significance 
but the numbers present a true reflection of 
occurrence of retinopathy in the groups 
studied. There was some suggestion that the 
female diabetics have slightly higher levels 
than the males; this did not seem to be true 
for the normals included as controls. In other 
studies(3,4) there has been a suggestion that 
normal females have slightly higher, but not 
significantly different, levels than males. 
Discussion. As pointed out, the question 
can be raised about the appropriateness of in- 
terpreting changes in vit. By. metabolism ob- 
served in the presence of diabetic retinitis and 
glomerulosclerosis as correlating with diabetes 
rather than with severe vascular damage from 


No ‘‘normal’’ 


any cause. Serum levels have been reported 
to be higher in diabetics in the presence of 
diabetic retinitis than in its absence(7). On 
the other hand, lower concentrations in the 
presence of severe retinopathy and glomeru- 
losclerosis than in uncomplicated diabetes 
have been demonstrated(8). It has been im- 
plied, rather than established, that retinal 
vascular damage directly reflects similar sys- 
temic vascular damage. This may be so, but 
not necessarily, as has been pointed out in an 
excellent pathologic survey that states, “ 
retinal arteriosclerosis occurred more fre- 
quently in the absence of than with glome- 
rular arteriosclerosis” (9). 

Similar disagreement of observations is 
recorded with regard to the urinary excretion 


TABLE IT. B,. Serum Levels (uug/ml) in Diabetics (NSH). 


3 > ‘ © yy 
No No 
retinopathy Retinopathy Normal retinopathy Retinopathy Normal 
Avg Bis 610 310 580 860* 760 570 
Range By. 250-870 — 100-1620 400-3400 1520-1020 20-2170 
Avg age 49 52 42 60 53 59 
No. subjects 6 1 108 14 6 238 


* Tf one high value is omitted, the avg becomes 0.66. 

There were too few values to make a valid test for effect of retinopathy. Avg level was 
higher for females than for males, but difference was not significant statistically (P = 0.20). 

Avg B,. blood level was essentially the same for males and females in the ‘‘normal’’ con- 
trols. If the one high value in the diabetic group is omitted, the difference between diabetics 
and ‘‘normal’’ controls is not significant statistically (P >0.10). 


TABLE ITI. By Serum Levels (uug/ml) in Diabetics (PGH). 


é 5 Q 5 
No No 
retinopathy Retinopathy retinopathy Retinopathy 
Avg By 480 480 600 630 
Range By,» 80-1470 220-1010 140-1260 150-1230 
Avg age 58 67 54 61 
No. subjects 47 5 62 ©) 


There was no obvious difference between subjects with retinopathy and those without retino- 
pathy. The females had significantly (P = 0.01) higher levels than the males. No ‘‘normal’’ 
controls were available for this study. 


318 


TABLE IV. B, Blood Levels (uug/ml) in Dia- 


betics (JDH). 


aN sae 

Diabetic Normal Diabetic Normal 

Avg Bis 650 660 780 780 

Range B,, 80-1560 260-2100 70-1890 260-3000 
Avg age 55 41 56 39 
No.subjeets 42 40 108 34 

The diabetic females showed a tendency for 


higher levels than the males, but the difference 
did not reach the customary 5% level of signifi- 
cance (P = .09). The subjects were not screened 
for retinopathy. 

In ‘‘normal’’ controls, the apparent sex differ- 
ence was not significant statistically (P = 0.21). 
There was no obvious difference between diabetics 
and ‘‘normal’’ controls. 


of vit. Byj2; some investigators state that ex- 
cretion of vit. By. is greater in diabetics with 
retinopathy than in those without, and higher 
in diabetics than in normals(10). Others 
have found that there were no differences be- 
tween such groups of patients(11). This in- 
vestigation was directed toward determining 
in a large group of diabetics whether or not 
there was any difference in the serum Bye 
concentrations of such persons and non-dia- 
betics. Normal values of serum vit. B,2 have 
been previously established(3) as averaging 
560 pyg/ml (70-1060 pug/ml). This normal 
figure conforms with other published work 
(12) and statistically significant deviations 
from such normal values have been estab- 
lished in hepatitis(13,14), acute(15) and 
chronic myologenous leukemia(16,17), in 
pregnancy(18) and in newborns(4,19). Our 
study has shown (a) no difference between 
diabetics and normals, (b) a slight difference 
between male and female diabetics in favor of 
the females, and (c) no difference between pa- 
tients with and without diabetic retinopathy. 
In face of these observations it is suggested 
that abnormal serum concentrations of By» 
or alterations of urinary excretion of this vita- 
min are more probably related to extensive 
vascular damage per se, than to the metabolic 
disease, diabetes. The liver is known to be 
the chief reservoir for vit. B,. and the trans- 
port of the vitamin in the body has been re- 
lated to blood proteins. That abnormal liver 
function can influence serum By,» concentra- 
tions has been shown(13,14). Since the liver 
is not uncommonly involved in diabetes, he- 
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patic function may be responsible for some 
abnormal serum concentrations observed in 
diabetes. 


There have been suggestions that the glu- 
cose tolerance test can be altered by By2(20) 
and that the insulin requirement of diabetics 
can be altered by administration of the vita- 
min(21,22). Favorable and unfavorable re- 
ports of the benefit of By. therapy for neuro- 
pathy in the presence of diabetes have been 
published. Certainly there has not been the 
uniformity of response that has been observed 
in the neuropathic manifestations of vit. By» 
deficiency states(23,24). 


Conclusion. A study of serum vit. By 
concentrations has failed to show significant 
differences between 333 diabetics and 420 
normal persons, between 45 diabetics with 
and 138 without retinopathy, and only a 
slight difference between 225 females and 108 
males in favor of the females. Within the lim- 
its of this study, the serum Bj» values of dia- 
betic subjects are the same as those for nor- 
mal individuals. It is suggested that previ- 
ously observed differences may reflect vascu- 
lar damage rather than the diabetic state 
VE? SE 
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Acetoacetate Induced Dehydroascorbic Acid Accumulation in Blood and 


Tissues and Its Prevention by Glucose-Cyclo-Acetoacetate. 


(23465) 


M. C. Natu AND R. M. BEnxr* 
University Department of Biochemistry, Nagpur, India 


Acetoacetate, an intermediary metabolite of 
lipids found by Nath e¢ al.(1,2) to cause an 
immediate rise in blood glucose and decrease 
in glucose tolerance, has been reported(3) to 
cause a sudden increase in vit. C of blood of 
rats, when doses are relatively small. The 
higher doses (500 mg/kg or above) were, 
however, reported to depress such biosynthe- 
sis. Acetoacetate has also been reported to 
deplete GSH of blood of rabbits(4), and ad- 
ministration of the condensation product (Na 
salt) of glucose and acetoacetate (glucose- 
cyclo-acetoacetate) prior to injections of ace- 
toacetate has been found to prevent this de- 
pletion of GSH and the rise in blood sugar(5). 
This depletion of GSH has been attributed to 
the oxidizing action of dehydroascorbic acid 
formed as a result of acetoacetate injections. 
The hydrolysed condensation product has 
been found by the authors(6) to act like GSH 
in converting dehydroascorbic acid back to 
ascorbic acid. It can be assumed that glu- 


* Government of India Senior Research Scholar. 


cose-cyclo-acetoacetate exerts its sparing ef- 
fect on GSH by undergoing enzymatic hy- 
drolysis in the system. The present paper 
deals with the effect of glucose-cyclo-aceto- 
acetate on accumulation of dehydroascorbic 
acid in blood and tissues and its excretion in 
urine as a result of acetoacetate injection in 
high doses. 


Methods. Twenty-four male albino rats, of 
about 200 g each were divided into 4 groups, 
Ay Bs Cand. 2) of or rats each) sGroupen 
served as controls while Group B was given 
daily injection of Na-acetoacetate 500 mg/kg 
body weight. Group C were given daily 900 
mg/kg body weight of condensation product 
(Na salt) prior to injections of 500 mg/kg of 
acetoacetate. In Group D, 900 mg/kg of 
hydrolysed condensation product (hydro- 
lysed by 2N HCl for 10 minutes in boiling 
water, cooled and neutralized with NaOH to 
pH 7.2) was administered prior to acetoace- 
tate injections daily. All injections were 
given intraperitoneally. The 24 hr urine of 
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TABLE I.* Average Urinary Excretion of Ascorbic Acid (ASA) (mg) and Dehydroascorbic 
Acid (DHA) per Rat per 24 Hr on: 


Ist day 3rd day 7th day 12th day 19th day 24th day 
Group ASA DHA ASA DHA ASA DHA ASA DHA ASA DHA ASA DHA 
A 85 .05 ileal .09 1.15 83 04 1.05 .05 95 .04 
183 53 46 44 ~~ =.48 O06 30 ol oe 36 08 .26 44 
C 74 .30 88 23 92 24 wife) sllt3) 945 .88 10 
D .92 .26 95 .26 .92 22 1.2 91 .86 .26 .92 22 
4 The groups are described in the text. 
animals of different groups was collected in The animals given only acetoacetate 


flasks containing 10 ml of metaphosphoric 
acid solution and the urine of each group of 
animals was pooled to find out the average 
volume of urine excreted per animal. Ascorbic 
acid was estimated by titrating against the 
standard 2:6 dichlorophenol indophenol solu- 
tion and dehydroascorbic acid by passing H2S 
gas and subsequent removal of excess of H2S 
by CO, gas and titrating against the standard 
dye solution. Blood sugar was determined 
by the method of Hagedorn and Jensen(7). 
Rats from each group were sacrificed on the 
7th, 13th, 19th and 24th day. Blood sugar, 
blood ascorbic and blood dehydroascorbic 
acids levels were determined. 10% trichloro- 
acetic acid solution was used to deproteinize 
the blood and subsequent dilution was made 
with 6% trichloroacetic acid solution. The 
tissues (liver, kidney, spleen and adrenals) 
were macerated in sand with metaphosphoric 
acid-acetic acid mixtures for ascorbic and de- 
hydroascorbic acid estimations. 

Results. The 24 hour urinary excretion of 
ascorbic and dehydroascorbic acids of various 
groups estimated on different days of experi- 
ment is recorded in Table I. The levels of 
blood sugar and blood ascorbic and dehydro- 
ascorbic acids are summarized in Table II 
while the levels of the 2 acids in different tis- 
sues on 7th, 13th, 19th and 24th day have 
been given in Table III. 


(Group B) excrete more dehydroascorbic acid 
than the animals in other groups (Table I). 
Also the ascorbic acid excretion of that group 
is markedly less as compared to the other 
groups suggesting excess formation of dehy- 
droascorbic acid. The blood sugar of Group 
B animals is also slightly higher than that in 
other groups. In the tissues of Group B ani- 
mals, we find excess accumulation of dehy- 
droascorbic acid, particularly in liver, spleen 
and adrenals as compared with other groups. 

In Group C there is comparatively less de- 
hydroascorbic acid and this comparison is 
well marked in spleen and adrenals though 
the livers of Group C animals do show some 
dehydroascorbic acid, though much less than 
in Group B. In the animals in Group D given 
hydrolysed condensation product before ace- 
toacetate injection, dehydroascorbic acid is 
practically absent. The ascorbic acid con- 
tents also do not show any decrease. 

Thus acetoacetate injections result in for- 
mation and accumulation of excess dehydro- 
ascorbic acid; GSH depletion following aceto- 
acetate injections may be the result of its 
requirements for conversion of dehydro- 
ascorbic acid back to ascorbic acid. 

Summary. 1. The effect of acetoacetate 
injections in doses of 500 mg/kg on ascorbic 
and dehydroascorbic acid contents of blood 
and tissues, and their excretion in urine, was 


TABLE IT.* Average Blood Sugar, Blood Ascorbic and Dehydroascorbie Acids on Days. 
SS oNNyloooleaa@mmDnannannnnnnNuNuoaOaOaOuOeeeeeeeeee__ 


Blood sugar, mg/100 ee blood 


Ascorbic acid (reduced and oxidised) in mg/100 ml blood 


7th 13th 19th 24th 
Group 7th 13th 19th 24th ASA DHA ASA DHA ASA DHA ASA DHA 
A 102.8 98.8 105.1 95.5 185 nil 192 nal Uae sawil 1.94 04 
B 114.6 123.4 131.3 138.8 1.24 .48 al 62 USN gf) 96 83 
Cc 96.8 111.4 108.8 112.4 ue .30 1.8 22 2.1 21 2.0 lle 
D OO Ziel Oj. Ommlalele ames SeG 2.3 16 2.2 21 2.1 22 2.1 518} 


* The groups are described in the text. 


TABLE IIT.* Reduced and Oxidised Ascorbie Acid (mg) per 100 g Tissue (Liver, Kidney, Spleen and Adrenal) at Various Intervals (Days). 


Adrenal 


ASA DHA 


Spleen 


ASA DHA 


Kidney 


ASA DHA 


Liver 


ASA DHA 


Adrenal 


Spleen 


ASA DHA 


7th day 


Kidney 
ASA DHA 


Liver 
ASA DHA 
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DHA 


ASA 


Group 


13th day 


6.1 


7 
12.4 
19.1 
24th day 
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19th day. 


nil 
124.6 
9.2 
4.2 


336.8 
220.2 


331.4 
315.5 


86 


nil 
9.9 
ACL 


17.6 
10.2 
pci 
15.9 


21 


nil 


4.8 
2.1 


18.1 
12.4 
20.3 
18.2 


16.8 
§). 
6 
6 
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* Groups are described in the text. 
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studied. 2. Animals injected with aceto- 
acetate excrete mofe dehydroascorbic acid 
and less ascorbic acid. Their tissues (liver, 
kidney, spleen and adrenal) also accumulate 
more dehydroascorbic acid, and the amount 
of ascorbic acid in them is diminished. 3. 
Glucose-cyclo-acetoacetate or its hydrolysed 
product has been found to prevent this in- 
creased accumulation of dehydroascorbic acid 
in blood and tissues. 4. Acetoacetate has 
been shown to cause oxidation of ascorbic 
acid to dehydroascorbic acid in vitro in pres- 
ence of a few drops of CuSO, solution at a 
faster rate than that in the control. 5. The 
mechanism for prevention of acetoacetate- 
induced accumulation of dehydroascorbic acid 
by hydrolysed glucose-cyclo-acetoacetate has 
been suggested. 


The authors are thankful to the Ministry of Edu- 
cation, Government of India for awarding the Gov- 
ernment of India Senior Research Training Scholar- 
ship to one of them (R.M.B.). 
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Susceptibility of Pig Kidney Tissue Cultures to Certain Viruses. 


(23466 ) 


L. F. Guerin AND M. M. Guerin (Introduced by F. P. Nagler) 
Virus Laboratories, Laboratory of Hygiene, Department of National Health and Welfare, 
Ottawa, Canada 


During attempts to replace the costly mon- 
key kidney tissue cultures used for the diag- 
nosis of various virus diseases, it was found 
that pig (porcine) kidney tissue cultures were 
susceptible to the Coxsackie viruses of Group 
B but were unaffected by the Echo virus 
group. A differential diagnostic test is thus 
suggested for these 2 groups of viruses. Al- 
though we could find no record of previous 
use of pig kidney tissue cultures for the 
propagation of viruses pathogenic for humans, 
the viruses of vesicular exanthema(1), vesicu- 
lar stomatitis(2) and foot and mouth disease 
(2) have been shown to reproduce in such 
cultures. 

Materials and methods. Kidneys were ob- 
tained either from suckling pigs, 3 to 6 weeks 
of age, in the laboratory or from adult pigs 
at an abattoir. In the latter case, kidneys 
were removed as aseptically as possible within 
30 minutes of death of the animal, placed im- 
mediately into synthetic medium 150(3,4) to 
which 100 units/ml of penicillin, 100 «g/ml 
of streptomycin and 40 units/ml of myco- 
statin had been added. They were removed 
to the laboratory and immediately trypsinized 
at 4°C by the method of Bodian(5). For the 
initial cell growth period, 2% calf serum was 
added to the cells which were suspended in 
either Bodian’s medium(5) or medium 150. 
Kidney cultures prepared from suckling pigs 
grew rapidly but had a shorter survival time 
than those prepared from adult pig kidneys. 
Since virus susceptibility was the same in 
both cases, adult pig kidneys were chosen for 
the work reported here. All of the established 
virus strains studied had been maintained in 
this laboratory in monkey kidney tissue cul- 
tures prior to the tests except the Coxsackie 
Types Al-A8 and A10-A19 which had been 
maintained by serial suckling mouse brain 
passage. Tissue cultures were observed for 7 
days after inoculation at which time complete 
cell degeneration had taken place in those in- 
oculated with cytopathogenic strains. 


Results. A summary of the susceptibility 
of monkey kidney and pig kidney tissue cul- 
tures to the viruses studied is presented in 
Table I. The type of degeneration observed 
in pig kidney cultures was similar to that seen 
in monkey kidney cultures, that is, the ap- 
pearance of round, refractile cells which 
finally fall away from the wall of the culture 
flask. 

Echo virus Types 1-11 and 14-19, inclusive, 
have been studied in this work. With the ex- 
ception of Type 10, which did cause cyto- 
pathic effects to some degree, these agents 
did not induce cytopathic changes in pig kid- 
ney tissue cultures. 

Two to 4 serial passages were carried out 
with all strains and serum-virus neutralization 
tests with standard immune sera indicated 
that the specificity of the cytopathogenic 
strains had not been altered. Essentially the 
same virus titers were obtained with both 
monkey kidney and pig kidney infected cul- 
ture fluids, varying from titers of 10? TCDs9 


TABLE I. Cytopathogenicity of Various Viruses 
in Pig Kidney and Monkey Kidney Tissue Cul- 
tures. 

Pig Monkey 
Virus Type or strain kidney kidney 
Coxsackie: 
Group B B-1 to B-5 inel. a a 
eed A-1 to A-8; A-10 — - 
to A-19 inel. 
A-9 —_ ~ 
Echo* Types 1 to 9; 11; — + 
14 to 19 inel. 
Poliomyelitis: 
Type I Mahoney, Brunhilde — + 
oe aE MEF1, YSK,MEFI- — + 
mouse adapted 
2 ONG Saukett, Leon — + 
Virus B + +. 
Adenovirust Types 1 to 7 inel. “ + 


* Kindly supplied by Dr. Melnick’s laboratory, 
New Haven, Conn., and Dr. A. B. Sabin’s labora- 
tory, Cincinnati, O. 

+ Kindly supplied by Dr. I. W. MacLean, Jr., 
Parke Davis Co., Detroit, Mich. 
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(tissue culture infective doses) for the adeno- 
viruses to 10° TCD; for the Coxsackie B 
viruses. 


Several strains of Coxsackie virus Type B 
which had been isolated from human stool 
specimens in monkey kidney tissue cultures 
were also isolated in pig kidney cultures from 
the same specimens. On the other hand, 
poliomyelitis Types I, II and III viruses 
which had been isolated in monkey kidney 
cultures from similar specimens could not be 
isolated in pig kidney cultures. 

Summary. 1) Susceptibility of pig kidney 
tissue cultures to the following viruses has 
been described: Coxsackie A and B, Echo, 
poliomyelitis, adenoviruses, and virus B. 
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2) Susceptibility of these cultures to Cox- 
sackie group B viruses, virus B and the adeno- 
virus group has been established. From the 
results it is apparent that pig kidney cultures 
may be utilized as an additional tool in the 
diagnostic differentiation between Coxsackie 
Group B viruses and the Echo virus group. 
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Some Factors Affecting Differential Excretion of D-Phenylalanine in Man.* 


(23467) 


STANLEY M. GartTLert AND RicHarp E. TasHIANn? (Introduced by L. C. Dunn) 
Institute for the Stwdy of Human Variation, Columbia University, N. Y. City 


Marked variability between individuals in 
urinary excretion and utilization of D-phenyl- 
alanine by man has been noted by several in- 
vestigators(1,2). It has also been recently 
observed through limited twin studies that 
some of this variability may have a genetic 
basis(2). Since the physiological basis of 
this differential excretion of D-phenylalanine 
could be quite complex, we felt it would be 
worth while to investigate various physio- 
logical aspects of this problem before going 
on with further genetic studies. Therefore, 
the present study of the role of the following 
physiological variables in the differential ex- 
cretion of D-phenylalanine was undertaken: 
(1) absorption of D-phenylalanine into the 
blood, (2) metabolism of D-phenylalanine, 
and (3) renal excretion of D-phenylalanine. 


* This work was supported by a grant from Natl. 
Science Fn. 

t Present address: Department of Medicine, Uni- 
versity of Washington, Seattle, Wash. 

t Present address: Department of Human Genetics, 
University of Michigan School of Medicine, Ann 
Arbor, Mich. 


Methods and materials. The subjects were 
normal, healthy adults and were tested after 
an overnight fast. At this time, blood and 
urine samples were obtained and the subjects 
were then given orally 0.5 g of D-phenyl- 
alanine (Mann Laboratories) dissolved in 200 
ml of water. Blood was taken from the anti- 
cubital vein into heparinized tubes and the 
plasma drawn off. The plasma and urine 
samples were then stored at —10°C until ready 
for analysis. On 2 of the 4 occasions where 
experiments were repeated on the same in- 
dividuals, 1.0 g of D-phenylalanine was given 
instead of 0.5 g for the second trial. One hour 
after feeding, blood samples were again taken 
and the urine flow for the one hour test period 
collected. L-phenylalanine determinations 
were carried out on all plasma and urine sam- 
ples by a modification(3) of the Udenfriend 
and Cooper decarboxylase method(4). D- 
phenylalanine was estimated by the difference 
between L-phenylalanine determinations and 
paper chromatographic estimations of DL- 
phenylalanine on the second blood and urine 
samples. Phenylpyruvic acid determinations 
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S ry ate as ‘] rlalani he) and Urine Phenylpy- 
TABLE I. Summary of Data on Plasma and Urine Phenylalanine (Phe) 
ruvie Acid (PPA) One Hour after Oral Administration of 0.5 g of D-phenylalanine. 


Plasma, mg/100 ml—_, 


———L-Phe—_, Urine (mg/hr) Renal 
Subject Post clearancet 
and sex Age (yr) Wt(kg) Fasting feeding D-Phe D-Phe PPA D-Phe 
20 54. 1.4 1.3 7 59.7 15.4 58.6 
5 : ees oll 27.4 1.4 64.3 
Ok 1.0 3 1.6 98.6 8.5 102.5 
3 Q 30 63.5 8 52.1 9.0 108.8 
3 Oy 1.3 4 2.4 99.0 24.4 68.3 
4 9 19 54.9 1.3 1.2 aa Trl 0 15.4 
5 Q 20 58.5 9 23.4 2.1 43.3 
corey 33 80.3 l,l! 1.0 1.2 18.2 m5) 26.2 
6 3 38.1 0 
“@ 34 63.5 1.4 1.4 1.0 35.7 11.2 59.5 
Le 57.9 7.0 
S a 33 UP 1.2 2 1.0 33.3 0 55.0 
D2 & 33 68.0 1.0 0 1.5 40.8 5 46.1 
10 46 65.5 1.2 3 1.2 37.4 9.3 52.5 


Urinary D-Phe (mg/min. ) 


* Fed 1.0 g D-phenylalanine. 


Plasma D-Phe (mg/ml) 


were carried out on urine samples according 
to a method by Armstrong(5). 

Results. In Table I are presented the per- 
tinent data on the subjects tested and the re- 
sults of the analyses of their blood and urine 
samples. 

As can be seen, there is considerable varia- 
tion between individuals in the urinary excre- 
tion of D-phenylalanine (the range being over 
3 fold), and no apparent sex difference. In 
the case of individuals 6 and 7, experiments 
with the same test dose were repeated on 
separate occasions. Considerable variation 
exists between different trials on the same in- 
dividual, but the relative and apparently ab- 
solute difference between these two subjects is 
constant. Clearly some of the apparent dif- 
ferences between individuals in the excretion 
of D-phenylalanine must be ascribed to in- 
dividual daily variability. However, a con- 
siderable portion remains which may be due 
to individual physiological differences. 

We shall consider first the possibility of dif- 
ferential absorption of D-phenylalanine into 
the blood as a possible physiological explana- 
tion of these individual differences. An esti- 
mate of this factor can be obtained from col- 
umn 6 which gives the plasma level of D- 
phenylalanine one hour after the ingestion of 
the substrate. The range of variation is ap- 
proximately 2-fold and there appears to be a 
general relationship between the plasma level 


of D-phenylalanine and the amount excreted 
in the urine. Statistical evaluation of this re- 
lationship yields a correlation (y= .57) 
which is just significant at the 5% level. 
Thus differential rate of absorption of D-phe- 
nylalanine is of some importance in explaining 
the differential excretion of this substance. 

We may next consider the possibility of the 
metabolism of ingested D-phenylalanine. 
There is considerable evidence(1,6) that D- 
phenylalanine may be utilized to some ex- 
tent by man. Such utilization would require 
inversion of the D to the L form or oxidative 
deamination of D-phenylalanine to phenyl- 
pyruvic acid. These are not necessarily in- 
dependent or mutually exclusive processes, 
since, in fact, inversion might require prior 
oxidation to phenylpyruvic acid. 

In the fourth and fifth columns are given 
the fasting and the post-feeding plasma levels 
of L-phenylalanine. Any inversion of D to L 
should be indicated by an increase in the post- 
feeding plasma level of L-phenylalanine. Ex- 
cept for the second experiment on subject 2, 
there is no evidence for such conversion; in 
fact, the means of the 2 columns are equal. 
Therefore, if inversion of D to L is taking 
place in these experiments, the rate of inver- 
sion is so low that this process cannot be con- 
sidered as contributing very much to the ob- 
served variation in D-phenylalanine excre- 
tion. However, in view of the evidence for 
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partial utilization of D-phenylalanine by man, 
it is most likely that inversion is occurring at 
a low rate in these experiments. Aside from 
experimental errors, there is an interesting 
point, peculiar to these experiments, which 
may explain our inability to detect inversion. 
This relates to the fact that D-phenylalanine 
through some inhibitive or competitive proc- 
ess increases the renal excretion of L-pheny]l- 
alanine, thereby causing sufficient loss of 
plasma phenylalanine so that the effect of a 
slight amount of inversion (less than 5%) 
would be obscured. This phenomenon, to- 
gether with further work, will be reported 
later. 

In the next to last column is given the 
amount of phenylpyruvic acid excreted one 
hour after the feeding of D-phenylalanine. As 
can be seen, there is marked variation between 
individuals in this respect, with values rang- 
ing from less than 1 to over 15 mg of phenyl- 
pyruvic acid after the feeding of 0.5 g of D- 
phenylalanine. Considering this wide range 
of variation and the fair repeatability of ex- 
periments on the same individual, it would 
appear that this biochemical variation might 
be a profitable one for genetic studies. In 
this respect, it is interesting to point out that 
a similarly marked range of variation in the 
excretion of free phenols (presumably mainly 
p-hydroxyphenylpyruvic acid) following the 
feeding of D-tyrosine was observed by Alban- 
ese et al.(7). However, differences in the ex- 
cretion of phenylpyruvic acid do not appear 
to account in any way for the observed varia- 
tion in the excretion of D-phenylalanine. 
Small amounts of urinary phenylpyruvic acid 
would be associated with large amounts of 
urinary D-phenylalanine and vice versa, if 
variations in the excretion of D-phenylalanine 
were to be explained by differential excretion 
of phenylpyruvic acid. As can be seen, this 
is not the case, and furthermore, it is clear 
that the amounts of phenylpyruvic acid ex- 
creted relative to D-phenylalanine are small. 

The final factor we should like to consider 
in the explanation of the variation of D-phe- 
nylalanine excretion is that of renal function. 
This could be an important factor if differen- 
tial reabsorption of D-phenylalanine occurred 
in the tubules. To investigate this possibility, 
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renal clearance values have been estimated 
and are given in the last column. Though 
these estimates of renal clearance were not 
obtained under rigorous physiological condi- 
tions, we feel that they do furnish a valid rela- 
tive picture of the variation between individ- 
uals in the clearance of D-phenylalanine. As 
can be seen, there is a general correlation be- 
tween the renal clearance values and the 
amount of D-phenylalanine excreted, the ac- 
tual value of this correlation being .74, which 
is significant beyond the 5% level. There- 
fore, it would appear that differential tubular 
reabsorption of D-phenylalanine is an impor- 
tant determinant of the observed variation in 
the excretion of D-phenylalanine. 

Discussion. From the data presented, it 
appears that differences in metabolism of D- 
phenylalanine are relatively unimportant var- 
iables in accounting for the observed variation 
in urinary excretion of D-phenylalanine. It 
seems, rather, that differences in absorption 
and renal excretion account for most of the 
observed variability in urinary excretion. In 
fact, considering that the latter two variables 
are independent (the correlation between ab- 
sorption and renal excretion is not signifi- 
cantly different from zero), it appears that 
the combined variation in absorption and 
renal excretion can account for practically all 
of the observed variation in urinary excretion 
of D-phenylalanine under these experimental 
conditions. 

However, in terms of genetic potentialities, 
it seems that excretion of phenylpyruvic acid 
after ingestion of D-phenylalanine is the most 
promising of the variables investigated. This 
is so because of the marked variation between 
individuals in excretion of phenylpyruvic acid 
and the repeatability of experiments on the 
same person. 

Summary. This study represents an inves- 
tigation into the physiological basis of the 
differential excretion of D-phenylalanine in 
man after its oral administration. Of the 
processes investigated: adsorption of the sub- 
strate into the blood, inversion to the L form, 
oxidative deamination to phenylpyruvic acid, 
and renal function, differences in absorption 
and renal function were important in account- 
ing for the differential excretion of D-phenyl- 
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alanine. 


We should like to acknowledge the assistance of 
Barbara Lenes Mohandes and Jayne Rosenthal of 
Barnard College. 
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In the later stages of pregnancy there ex- 
ists a disturbance of Vit. Bg metabolism. Fol- 
lowing a tryptophan load test large amounts 
of xanthurenic acid appear in the urine(1) 
and the excretion pattern of tryptophan 
metabolites on chromatographic analysis devi- 
ates from the normal(2). This is immedi- 
ately corrected by administration of relatively 
small amounts of pyridoxine(1,2). Further- 
more pregnant women retain administered 
Vit. Bg to a larger extent than do normal con- 
trols(3). The present report deals with the 
estimation of the coenzymatically available 
active form of Vit. Bg, namely pyridoxal phos- 
phate, in the only readily accessible prototype 
tissue, 7.e. leukocytes, in the blood of non- 
pregnant controls, mothers at term and in the 
cord blood of their babies. 

Material and methods. Blood samples 
were taken from non-pregnant healthy 
women, women during delivery and from the 
cord blood of their babies. The pregnant 
women were divided into 3 groups. One group 
received no vitamin supplementation contain- 
ing Vit. Bg. A second group had taken, dur- 
ing the course of their pregnancy, vitamin 
preparations which contained some Vit. Bg 


* This work was aided by grants-in-aid and ma- 
terial from Merck and Co. and National Vit. Fn. We 
are indebted for valuable advice to Dr. G. E. Boxer, 
Merck Inst. for Therapeutic Research. 


in an uncontrolled and irregular manner. A 
third group had received, for a period of at 
least 14 days prior to their confinement, 2 
tablets of 5 mg each pyridoxine hydrochloride 
daily. 5-10 ml venous blood was collected 
into siliconed test tubes containing a small 
amount of disodium versenate. Pyridoxal 
phosphate was estimated in isolated leuko- 
cytes by a recently developed method(4) 
which is based on the coenzyme function of 
B,-PO, in a tyrosine decarboxylase system 
from Streptococcus faecalis(5). The leuko- 
cytes were isolated within a few hours after 
the blood had been obtained(5a). To the 
packed leukocytes 0.25 ml of 0.5 N NaOH 
was added and the tubes immersed in a boil- 
ing water bath for 5 minutes. The alkaline 
hydrolisates were kept in the refrigerator at 
4°C and worked up within 24 hours. All 
analyses were made in triplicate and the sam- 
ples were assayed at random. 


Results. The results are summarized in 
Table I. In the first experimental group con- 
sisting of 60 non-pregnant, healthy women of 
child-bearing age, the amount of pyridoxal 
phosphate varied from 0.11 to 0.79 my/mil- 
lion leukocytes, averaging 0.32 + 0.02 my/ 
million leukocytes. The second group con- 
sisted of 51 women at term who had received 
no Vit. Bg supplementation during their preg- 
nancy. The Beg-al-PO, levels varied between 
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TABLE I. Pyridoxal Phosphate (B,-al-PO,) Levels of Circulating Leucocytes. 


Range of 
B,-al-PO, Avg B,-al- 
i No. of Age content PO, content 
Group cases range Avg age -——my/million cells—, Probability relation 

I. Non-pregnant con- 60 19-45 28 JH 32 + .02 M., N.V. vs N. AMAL 
trols (N) 

Il. A. Pregnant women 51 19-40 27 .01— .86 16+ .01 MeyNEViavs Cee Ne Ven<e Oil 
at term without 
vit. Bz medication 
(M., N.V.) 

B. Cord blood (C., 36 13— .93 44+ .04 
N.V. 

III. A. Pregnant women 69 19-45 27 .06— .44 20 + .O1 Mer Vas Oey Va <.01 
at term with some 
vit. B, medication 
(M., V1) 

B. Cord blood (C., 61 .12-1.02 47 + .02 MIS ENE Ve UsiMie Va <0 
1) 

LV. A. Pregnant women 26 16-41 27 .04— .61 28 + .03 M., Veus C., Ve <.01 
at term with con- MING Views Vio amen OM 
trolled vit. B, med- 
ication (M., V2) 

.18-1.24 0d + .05 CoN Vers) Cry Vin ee 


B. Cord blood (C., 22 
Ws 


0.01 and 0.36, averaging 0.16 + 0.01 my per 
million cells. The third experimental group 
was composed of 69 women at term who had 
occasionally taken Vit. Bg containing prepara- 
tions. Their pyridoxal phosphate level 
ranged between 0.06 and 0.44, averaging 0.20 
+ 0.01 my/million cells. The 26 subjects in 
the fourth group had taken Vit. B, regularly 
for at least 14 days prior to delivery. Their 
blood level varied between 0.04 and 0.61 and 
averaged 0.28 + 0.03 my Beg-al-PO,/million 
leukocytes. The difference in the vitamin 
level between the control group and the preg- 
nant group without vitamin supplementation 
is highly significant. Occasional intake of Vit. 
B, led to a moderate increase of leukocytic 
B, of doubtful significance. However, the 
level of the coenzyme form of Vit. Bg is sig- 
nificantly increased in those women who in- 
gested pyridoxine regularly. The vitamin 
content of their leukocytes approached that 
of the normal control group. 

The amount of leukocytic pyridoxal phos- 
phate was significantly greater in the cord 
blood as compared to the maternal blood in 
all groups examined. The cord blood of 26 
infants borne by the women without vitamin 
supplementation contained between 0.13 and 


0.93 (average 0.44 + 0.04) my Beg-al-PO,/ 
million leukocytes, and that of 61 infants of 
women who had occasionally taken the vita- 
min between 0.12 and 1.12 (average 0.47 + 
0.02) my Bg-PO,/million leukocytes. The 
highest level was found in the last group in 
22 infants of mothers supplemented by vit. 
By. The levels of pyridoxal phosphate in 
these infants ranged between 0.18 and 1.24 
my with an average of 0.55 + 0.05 my/mil- 
lion leukocytes. The difference between the 
cord blood values of babies whose mothers 
were not Vit. Bg supplemented and those who 
received the vitamin is statistically significant. 

Comment. A decrease of circulating Vit. 
Bi. similar to that of Vit. Bs was recently 
described in the serum of pregnant women by 
Okuda e¢ al.(6) and by Baker e¢ al.(7). 
Okuda and his coworkers also found much 
higher Vit. By levels in the cord blood as 
compared to maternal blood. The concentra- 
tion of glutamic-aspartic transaminase, a Vit. 
B, dependent enzyme, is much greater in the 
fetal than in the maternal blood(8). On the 
other hand, Friedman ef al.(9) found no dif- 
ference in amount of Vit. Bg in blood, urine or 
skin of non-pregnant controls and women at 
term. This might, however, be explained by 
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difficulties with the bioassay used by these 
investigators and by the fact that all forms 
of the vitamin, metabolically active as well 
as inactive, were measured. 

Present evidence indicates that Vit. Bg is 
a very important nutrient that is essential for 
the human being(10). The central nervous 
system of the newborn infant appears to be 
particularly sensitive to a conditioned Vit. 
Bg deficiency(11). The importance of Vit. 
Bg for reproduction(12) and for normal fetal 
and infant development(13) has also been 
proven in the experimental animal. Obviously 
pregnancy exacts large demands on the ma- 
ternal store of Vit. Bz. The results here re- 
ported suggest that the growing fetus may at- 
tract maternal Vit. B, across the placental 
barrier. It is possible to increase the amounts 
of circulating pyridoxal phosphate to almost 
normal control levels by oral administration 
of pyridoxine to pregnant women, and further 
to increase fetal levels, suggesting the proba- 
bility of a placental transfer of the vitamin. 
It is interesting to note that a daily dose of 
10 mg pyridoxine was found previously to 
rectify the abnormal tryptophan load tests in 
pregnant women. Supplementation of the 
normal diet by a daily dose of 10 mg pyri- 
doxine hydrochloride has been suggested, and 
preliminary results have been reported indi- 
cating that such a regime may be of benefit 
to pregnant women, since there was a signifi- 
cant decrease of preeclampsia in a vitamin- 
supplemented as compared to a similar un- 
treated control group(14). 

Summary. Comparison of the pyridoxal 
phosphate content of circulating leukocytes 
in non-pregnant controls, women at term and 
umbilical cord blood shows _ significantly 
higher values in normal controls as compared 


to women at term. The cord blood shows the 
highest levels. Pyridoxine administration 
elevates the B,-al-PO, levels in pregnant 
women to a very marked, and that of cord 
blood to a moderate, degree. It is concluded 
that the growing fetus can successfully com- 
pete with the mother for this important vita- 
min. 
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Respiratory Effects of Increased Air Flow Resistance in Dogs.* 
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Following description of pneumotacho- 
graphic technics by Silverman et al.(1) nu- 
merous investigators have studied the effects 
of resistance to air flow on patterns of breath- 
ing. Recently Zechman e¢ al.(2) has shown 
that the primary effect of resistance to air 
flow is a reduction in air flow velocity and an 
increase in the duration of the impeded phase 
resulting in a reduction of pulmonary ventila- 
tion, a rise in alveolar CO, pressure and a fall 
in oxygen saturations. It was thought worth- 
while to continue the study of impedances to 
air flow in anesthetized animals where 
greater impedances could be imposed and 
more extensive blood studies could be made. 

Methods. Twenty-two mongrel dogs were 
used in these experiments. Weights ranged 
from 11 to 16 kg. It was not considered de- 
sirable to do all of the tests on each dog be- 
cause of the great stress imposed on the in- 
dividual animal. The number of dogs used 
in each series is indicated on each figure and 
table. Dogs were anesthetized by intraperi- 
toneal injection of 55 mg of Dial in Urethane 
(Ciba) /kg body weight. A tracheal cannula 
containing a wire cloth flowmeter capsule for 
recording respiratory flow patterns and intra- 
tracheal pressures was inserted in the trachea. 
Various size orifices were inserted in the cap- 
sule. The capsule assembly added no signifi- 
cant volume to the respiratory dead space. 
Differential pressures across the flowmeter 
capsule were linear with flow within the range 
of values obtained. Thus tidal volume could 
be determined by planimetering the areas of 
the recordings and from these values pulmon- 
ary ventilation was calculated. Maximum jn- 
spiratory flow of air into the trachea could 
also be measured. A photograph of the as- 
sembly is shown in Fig. 1. Blood pressure 
was recorded by Statham transducers at- 
tached to polyethylene catheters 2 mm inside 
diameter. The free end of one of these 
catheters was inserted well up into the femoral 


* Supported in part by Air Force Contract. 


artery. Blood samples were also drawn 
through this catheter. Blood samples were 
analyzed for oxygen content, oxygen capacity 
and carbon dioxide content by use of a Van 
Slyke manometric gas analyzer(3) and pH 
was measured with Cambridge Instrument Co. 
research type glass electrode. Blood samples 
were drawn anaerobically in 5 ml syringes 
and analyses made at once. Total hemo- 
globin was determined by converting hemo- 
globin in the samples to met-cyanhemoglobin 
and reading the concentration on an Evelyn 
photoelectric colorimeter. The factor of 1.35 
was used to calculate total hemoglobin oxygen 
capacity. Femoral artery blood pressure, 
tracheal pressure and velocity of air flow into 
and out of the trachea were recorded simul- 
taneously on a Miller Oscillograph. Record- 
ings were made before and after orifices of 
various sizes were inserted in the tracheal 
cannula. Each dog breathed with an open 
tracheal cannula for 12 minutes and then an 
orifice was inserted. Breathing continued 
through it for 12 minutes and then recovery 
was permitted through an open cannula for 


FIG. 1. Tracheal cannula and flow meter assembly 
showing position of plate orifices. 
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12 minutes before the next sized orifice was 
used. The results reported are from deter- 
minations made between the 11th and 12th 
minute. In preliminary tests it was found 
that orifices greater than 5 mm in diameter 
had little effect upon the factors under study. 
Pressure-flow characteristics were determined 
for each orifice using each respiratory gas 
used in experiments. Consideration was given 
to the fact that respiratory gases varied in 
density which in turn would affect the resis- 
tance of each orifice. However, this was 
found not significant enough to influence re- 
sults. Four orifices were used each being 1 
mm in thickness and having diameters of 
1,551.9, 2:3,3.2 mm’ respectively: 

Results. Mean values for various pressures 
and respiratory factors are plotted in Fig. 2 
and 3. Points on the abscissas are shown as 
the reciprocals of the areas of the various 
orifices used, the open tracheal cannula being 
considered normal (N). Plotting points as 
reciprocal of the areas is somewhat arbitrary 
for flow through orifices of these dimensions 
cannot accurately be expressed so simply. 
These graphs are used solely to illustrate the 
relative manner in which different factors 
vary relatively with varying obstruction to 
breathing. 

Table I shows how arterial oxygen satura- 
tion and COs pressures change with obstruc- 
tion to breathing. It will be noted that only 
when very small orifices are used to obstruct 
breathing does arterial oxygen saturation fall 
to a low level. Fig. 4 shows the effect of the 
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cheal air flow and pressure, arterial blood pressure 
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FIG. 3. Influence of air flow impedance on respir- 
atory frequency, inspiratory time, minute volume, 
tidal volume and arterial oxygen saturation. 


various orifices on the oxygen and carbon di- 
oxide pressures. The tracheal pressure rela- 
tions obtained are shown in Fig. 2. PTE 
represents average maximum positive tracheal 
pressures recorded during expiration in cm 
H.O and PTI represents average maximum 
negative pressures recorded during inspira- 
tion. BP represents average maximum sys- 
tolic blood pressures recorded and HR repre- 
sents average heart rate recorded. MIF rep- 
resents average maximum instantaneous flow 
of air into the trachea on inspiration. The 
latter 3 factors are expressed in ratios, relat- 
ing the values obtained while dogs were 
breathing through resistances to the control 
values while breathing through an open tra- 
chea. Thus each dog was his own control 
and average values can be shown in-a single 
figure which expresses the results in a sum- 
mary manner. 


It should be kept in mind that in these ex- 
periments resistance to breathing was the 
same for inspiration as for expiration and 


AS ie Summary of Oxygen Saturation and 
pCo, Values for Arterial Blood of 10 Dogs after 
Breathing through Various Size Orifices for 12 


Min. 
a=_qpaoaowww9w9w0—=@=0E060—=@$S0[—0—eooooooo]wwwlwW@wmwmCduECEC 
Orifice area % Hb O2 pCO., mm Hg 
Opentrachea 93+ 2.6* 44+ 3.0% 

25 mm? 93+ 4.0 444+ 3.2 

8.3 92+ 3.6 45+ 3.0 

4.1 89+ 7.6 51+ 6.2 

2.8 78 + 14.0 Mase Ooi 

1.9 39 + 23.4 69 + 10.9 
Se Sul 
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Tidal Air, Breathing Rates and Maximum Tracheal Pressures (Avg for 6 Dogs 


Breathing through 1.9 mm Diameter Orifice). 


Maximum tracheal 


pressures 
Inspir., Expir., Tidalair, Breathing 
em H,O em H,O ml rate/min. 
Control (open trachea) oll aif 164 16 
Breathing air 19.2 6.3 122 21 
< 100% O, 17.0 5.1 147 11 
a 5.6% CO, 20.9 7.8 129 21 
(in oxygen) 
also that pressure-flow relations are not which are influenced by breathing through 


linear. Of course the tidal volume must be 
moved twice in each breathing cycle, once 
with negative pressure and once with positive 
pressure, and the tidal volume must be moved 
within a limited time if alveolar ventilation is 
to be maintained at an adequate level. It 
would appear that this is accomplished almost 
entirely by an increased frequency of breath- 
ing (see f, Fig. 3). A point was finally 
reached, however, with the smallest orifice 
when pulmonary ventilation (see IV, Fig. 3) 
was inadequate to maintain proper alveolar 
pO» and pCOsz levels and respiratory failure 
ensued. It is interesting to note that this 
orifice with an area of 1.8 mm? was less than 
one-hundredth the area of the trachea. The 
relative length of time of inspiration during 
the breathing cycle increased when small ori- 
fices were inserted but this is of little advan- 
tage to the animals since the tidal volume 
must be moved in and out of the lungs in 
each cycle against similar resistances. Also 
shown in Fig. 3 are other respiratory factors 


ARTERIAL BLOOD TENSIONS 
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p02 
FIG. 4. Effect of different plate orifices on arte- 
rial oxygen and carbon dioxide tensions. 


the orifices of various sizes: i.t. represents 
relative length of time of the breathing cycle 
taken by inspiration; IV, pulmonary ventila- 
tion or minute volume; TV, tidal volume for 
each inspiration; HbOs, percentage oxygen 
saturation of arterial hemoglobin. These are 
mean values obtained on 7 dogs, each dog 
was his own control (C) and 1.0 is the control 
value for the resting condition with each dog 
breathing through a wide open trachea. It 
can be seen that oxygen saturation values de- 
creased in proportion to decreases in tidal 
volume. 

To gain a better understanding of the con- 
trol of respiration when increased air flow re- 
sistance is encountered, a separate experi- 
mental series was conducted. Each dog was 
used as his own control, 7.e., recordings were 
made on each dog while it was breathing 
through an open trachea, then a 1.9 mm di- 
ameter orifice was inserted in the tracheal 
cannula and subsequent measurements were 
made while each dog breathed gas mixtures as 
indicated. Only one orifice was used in order 
to reduce total stress of breathing to a mini- 
mum. 

The results are summarized in Tables II 
and III. Breathing 5.6% COz in oxygen pro- 
duced the highest tracheal pressures and 
breathing 100% oxygen the lowest, but the 
differences are small. The more striking ef- 


TABLE III. Average Arterial Gas Tensions in 6 
Dogs Breathing through 1.9 mm Diameter Orifice. 


Hb O, p CO, 
(%) (mm Hg) 
Control 90 43 
Breathing air 77 51 
y; 100% Os 99 58 
e: 5.6% CO, (in oxygen) 97 65 


Sey 


fects obtained were on breathing rate. There 
was a pronounced decrease in breathing rate 
while dogs were breathing 100% oxygen. 


It was stated(2) that increased air flow 
resistance in humans resulted in a decreased 
respiratory frequency. In the human studies, 
unlike these on dogs, the level of resistance 
was not sufficient to produce hypoxia. The 
decreased frequency of dogs breathing 100% 
oxygen seems to indicate that increased air 
flow resistance per se decreases breathing 
rate, but if severe enough to cause hypoxia, 
an increase in rate is initiated. The pause 
between expiration and inspiration in the 
normal dog is retained while breathing oxygen 
through resistances, but is lost while breath- 
ing air in an hypoxic state. Hypoxia elim- 
inates or greatly reduces the respiratory 
pause. 


Conclusions. 1. When tracheal air flow is 
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so impeded as to produce pronounced changes 
in inspiratory and expiratory pressures, 
breathing rates increase, minute volumes may 
remain relatively uniform and tidal volumes 
decrease inversely with the pressure differ- 
ences. 2. Two factors are involved in the 
accommodation to this respiratory stress: 
(a) Increasing carbon dioxide tensions act as 
primary stimuli to more forced inspiration 
and expiration; (b) Decreasing oxygen ten- 
sions act as stimuli to more rapid breathing 
by reducing the time of the expiratory phase 
of the breathing cycle. 


1. Silverman, L., Lee, R. C., and Drinker, C., J: 
Clin.. Invest., 1944, v23, 907. 

2. Zechman, F., Hall, F. G., and Hull, W. E., J; 
App. Physiol., 1957, v10, 356. 

3. Van Slyke, D. D., and Neill, J. M., J. Bzol. 
Chem., 1924, v61, 523. 


Received July 15, 1957. PSB Bai Oia Oe 


(23470) 


J. SzEPpSENWoL (Introduced by Carroll A. Pfeiffer) 
Department of Anatomy, University of Puerto Rico School of Medicine, San Juan, P. R. 


It was shown previously that hens’ eggs 
contain a substance that stimulates growth 
and sex development. Chicks maintained on 
a diet made up of eggs and wheat bran grew 
faster and became sexually mature earlier 
than the control chicks of the same breed and 
age maintained on a Purina broiler mash diet. 
The females became productive relatively 
early and the males developed very large 
combs, wattles and spurs. Females main- 
tained on the above diet for over 2 years de- 
veloped cancer of the ovary(1). Recently 
Menge, Lillie and Denton(2) reported the 
presence in egg yolk of a growth stimulating 
factor. The authors state that the latter is 
destroyed by heat, since ashes of yolk are 
without any effect upon growth. In the ex- 
periments carried out by the author(1) the 
eggs used in the diet were autoclaved for at 
least 30 minutes at 15 Ib pressure. It is 
possible, however, that the growth-promoting 
factor in this case is the same as that re- 


ported by Menge and his co-workers: the 
moist heat of the autoclave may not be as 
destructive as ashing. There is also the pos- 
sibility that these are 2 different substances, 
since the egg diet stimulated sex development 
in addition to growth. More work will have 
to be done in order to identify the growth- 
stimulating substance or substances in eggs. 
Since chicks were the only animals used in 
the study of the growth-stimulating action of 
eggs, the question arose whether animals other 
than birds would be affected in their growth 
by a diet containing eggs and to what extent 
such a diet might influence the development 
of malignant tumors. These were the bases 
for a new series of experiments in which mice 
were used. The present is a report of the 
first series of experiments carried out with 
“A” strain mice. 

Methods. Sixteen mice (8 males and 8 
females caged separately) were placed on a 
Rockland rat diet supplemented with eggs. 
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TABLE I. Time of Appearance, Location and Identity of Malignancies in the Experimental 
Mice. a 
oeRejw—swoao—sSoOm3oOaoOoOoOoOOoaSSSSSS 


eM Months Primary Identity Distant 
aN. Sex Ageinmo ondiet tumors Location of tumor metastases 
1 3 9 6 1 periton. sarcoma abd. wall 
6 15 12 1 lungs adenocarcinoma none 
7 22 19 16 i! ” ” ” 
8 ” 20 il il 9 ” ” 
9 2 20 q7/ itt 2? ? ”? 
10 < 21 18 1 mammary gl. iA y 
dal: 22 19 2 lungs a és 
ovary Z peritoneum 
12 22 Wg) 3 lungs ! none 
ovary ” ” 
mammary gl. as peritoneum 
2 A . 
13 3} 22 19 2 leg osteosarcoma ribs 
lungs adenocarcinoma liver 
14 24 21 2 lungs x none 
lymphoid leukemia 
15 fe) 24 21 4 lungs adenocarcinoma none 
ad-cort. “ sa 
ovary sarcoma peritoneum 
lymphoid leukemia 
16 25 22 3 lungs adenocarcinoma none 
ovary cystoadenoma peritoneum 
lymphoid leukemia 


The eggs (one or 2 fresh eggs daily) were 
boiled for 20 minutes. They were then split 
into halves and one half placed in the cage 
containing the males and the other in that of 
the females. The mice usually eat the yolk, 
leaving the white intact. Sixteen other mice 
(8 males and 8 females) from the same litters 
as the above were used as controls. They 
were maintained on a Rockland rat diet only; 
no eggs were given to them. In this case also 
the males and females were kept in separate 
cages. The duration of the experiment was 
22 months. Most of the experimental mice 
died 12 to 18 months after they were put on 
the egg diet. The experiment was not con- 
cluded, however, until the last experimental 
mouse died. Of the control mice, 6 died at 
the age of 15 to 20 months, the remaining 10 
were killed at the age of 25 months, when the 
last experimental mouse died. All the ani- 
mals, experimental and controls, were au- 
topsied and any diseased organs fixed, sec- 
tioned and studied microscopically. 

Results were as follows: of the 16 controls, 
only 2 mice developed cancer. Both were 
females. One died at the age of 20 months, 
and the other was killed at the age of 25 
months. In both cases an adenocarcinoma of 


the lungs was found. The tumor invaded 
both lungs, but it did not metastasize outside 
of the respiratory system. Of the 16 experi- 
mental mice, 12 had malignancies at the time 
of death. In 6 of these mice, which died 6 to 
18 months after they were put on the egg diet, 
only one type of malignant tumor was found 
inveach) (mice nos. 1,46, 7.8, 9 andelO-was 
shown in Table I). In the other 6 mice, which 
lived a little longer, 2, 3, and even 4 differ- 
ent malignancies were found in each of them. 
Moreover, in the latter group distant metas- 
tases were frequent, whereas in the first group 
the malignancy remained localized in the or- 
gan in which it developed. 

Adenocarcinoma of the lungs appears to be 
the most frequent malignancy in the experi- 
mental animals, but “A” strain mice are 
known to spontaneously produce this type of 
tumor. There is, however, a great difference 
in the rate of appearance of this malignancy 
between the mice on the diet supplemented 
with eggs and the controls. Among the latter 
group only 2 mice were found to have lung 
tumors, while of the 16 experimental animals, 
which were from the same litters as the above, 
10 developed malignancies in the respiratory 
system. The lung adenocarcinomas of the 
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different animals were histologically similar, 
although they did not seem to be of the same 
origin. Some appeared to have developed 
from the bronchial epithelium, while others, 
without any doubt, originated from the lung 
parenchyma. In all of the animals with the 
above malignancy, the tumors were multiple; 
whether they were all primary or some were 
secondary is not known. In one case (animal 
13) the lung tumor metastasized to the liver. 
In this case the mitotic activity of the tumor 
was considerably higher than in the other 
lung tumors. Moreover, it is interesting that 
this animal, in addition to its lung adenocar- 
cinoma, was affected by a highly active osteo- 
sarcoma. A similar phenomenon was observed 
in other animals with multiple primary malig- 
nancies in which distant metastases of one or 
even of 2 of them were found. The presence 
of one primary malignant tumor, conse- 
quently, does not interfere with the growth 
and propagation of another one. 

The females were all virgins, yet 2 of them 
developed mammary gland adenocarcinomas. 
These tumors were rapidly growing and one 
of them (animal 12) metastasized to one of 
the lungs and into the peritoneal cavity, close 
to the kidney. This animal, in addition to its 
mammary tumor, had a highly active primary 
lung adenocarcinoma and a cystadenoma of 
the ovary. Cysts of ovarian origin were 
found, in this case, in the peritoneal cavity at 
a distance from the ovary. 

In 3 experimental animals sarcomas of dif- 
ferent types were found. In one of them 
(animal 1) the malignancy, a spindle-cell sar- 
coma, appeared during the 6th month of the 
experiment. It was considered to be of peri- 
toneal origin because of the large mass it 
formed in the abdominal cavity, surrounding 
all the viscera and invading the pancreas and 
part of the liver. The muscles of the ab- 
dominal wall and the subcutaneous tissue 
were also in part invaded by the tumor. A 
large mass of necrosed fat was found in this 
case in the peritoneal cavity and subcutane- 
ously. It was probably caused by enzymes 
liberated from the pancreas, which was in- 
vaded and partially destroyed by the tumor. 

In animal 13 the osteosarcoma, with its 
characteristic giant cells, was a rapidly grow- 
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ing tumor. It consisted of a relatively large 
mass on the left leg and many smaller nodules 
upon the chest wall on each side of the ster- 
num. The former was considered as the pri- 
mary and the latter as secondary tumors, but 
it is possible that all of them are primary 
growths. Histologically, no difference in 
structure nor in the rate of growth could be 
found between them. All of these tumors 
were continuous with the bones of the corre- 
sponding regions. As mentioned above, this 
animal, in addition to its sarcoma, had a lung 
adenocarcinoma which metastasized to the 
liver. 

Finally, in animal 15 the picture was quite 
complicated. It had an adenocarcinoma of 
the lungs, an adenocarcinoma of the adrenal 
gland (the cortex), a lymphatic leukemia 
(characterized by very much enlarged spleen 
and lymph nodes, and by the infiltration of 
the liver, kidneys and circulatory system with 
lymphocytes) and a round cell sarcoma of the 
ovary. The latter consisted of a large mass 
of round cells surrounding a few degenerated 
follicles. Another tumor, of the size of a 
small cherry, was found in the lower part of 
the abdominal cavity of the same animal. It 
was identified as a mixed-cell sarcoma of 
ovarian origin, but it may well have developed 
independently from the peritoneum. The 
cortical adrenal adenocarcinoma, in this 
mouse, consisted of a large mass of anaplastic 
cells with no typical organization. The med- 
ulla was completely destroyed and the tumor 
had invaded the capsule of the kidney, but 
no distant metastases were found. 

The ovaries were abnormal in all of the ex- 
perimental females. In some of them the fol- 
licles were either in the process of degenera- 
tion or completely absent, and in 4 mice ovar- 
ian tumors were present. In animal 11 the 
ovary consisted of a mass of undifferentiated 
cells, giving the appearance of an adenocar- 
cinoma. In this animal cysts of ovarian origin 
were found in the peritoneal cavity at a dis- 
tance from the reproductive organ. An adeno- 
carcinoma of the ovary was also found in ani- 
mal 12, but in this case no distant metastases 
were present. In animal 15, as mentioned 
previously, a round-cell sarcoma replaced the 
ovary. Finally, in animal 16 the ovary con- 
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sisted of a small mass of undifferentiated cells 
and a large number of cysts. One large cyst 
was found in the peritoneal cavity, without 
any connection with the ovary. Some of these 
cysts were filled with clear fluid, while others 
contained a yellow, viscous substance. In the 
females with ovarian tumors the epithelial 
lining of the oviduct had undergone meta- 
plasia. No damage to the testis could be 
found in any of the males. A similar obser- 
vation was made previously in connection 
with chicks maintained on an egg diet(1). 


The spleen and the lymph nodes were con- 
siderably enlarged in many of the experi- 
mental animals. In 3 of them, which were 
identified as leukemic, in addition to the large 
nodular spleen and the enlarged lymph nodes, 
the liver, kidneys and circulatory system 
were invaded by lymphocytes. 


The liver underwent important changes in 
the experimental animals. Its cells very often 
lost their cohesion. They became vacuolated, 
and a great number of them were binucleated. 
The nuclei in the liver cells were irregular in 
size, and the nucleoli abnormally large. The 
liver picture was particularly abnormal in 
animals 10, 12, 14, 15 and 16, in which nu- 
merous cells were in the process of necrosis, 
while other groups of cells were in mitosis. 
Among the latter a great number of cells 
were binucleated or multinucleated. In some 
places the liver lobules consisted of a few iso- 
lated cells, while in other places no lobular 
structure could be recognized. It is possible 
that there is some relationship between the 
liver damage and the development of the 
malignant tumors, but for the time being it is 
too early to draw any conclusion on the sub- 
ject. 


Another organ which seems to be affected 
by the egg diet is the pancreas, but the general 
organization of the gland does not change. 

Summary. Sixteen “A” strain mice were 
maintained, from the age of 3 months, on a 
Rockland rat diet supplemented with hard 
boiled eggs, one or 2 daily. Sixteen other mice, 
from the same litters as the above, were kept 
as controls. They were maintained on the 
same Rockland rat diet, but without eggs. 
Of the latter group only 2 animals developed 
tumors, which were in the lungs, one at 20 
and the other at 25 months of age. Of the 16 
experimental mice, 12 developed malignant 
tumors. In 6 of them the tumors in each ani- 
mal were limited to a single organ, while of 
the other 6 mice, which died at the age of 22 
to 25 months, some had 2, others 3 and one 
had 4 primary malignancies. Adenocarcinoma 
of the lung was the most frequent malignancy. 
It was found in 10 of the experimental ani- 
mals. Next in frequency were ovarian tu- 
mors, leukemias, mammary gland adenocar- 
cinomas, an osteosarcoma and an adrenal 
gland adenocarcinoma. In many of these ani- 
mals distant metastases were found. In the 
experimental females the ovaries underwent 
radical changes. Four of them became can- 
cerous. In none of the males, however, could 
any damage be found in the testes. It is too 
early to draw definitive conclusions, but 
there seems to be no doubt that eggs contain 
a substance or substances that stimulates both 
normal and abnormal growth. 
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R. SHIHMAN CHANG AND Rosert P. Geyer (Introduced by John C. Snyder) 
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Establishment of epithelial-like cells in con- 
tinuous culture from human tissues has made 
available a more effective system for the study 
of metabolism of human cells im vitro than 
the previously used tissue explant method. 
Under controlled experimental conditions, 
using media of relatively well defined com- 
position, these established cells may be main- 
tained in a state of active multiplication and 
the rate of multiplication can be measured 
quite accurately. This report deals with 
propagation of these human cells in the pres- 
ence of certain individual carbohydrates. 


Materials and method. Human cells. Con- 
junctival(1) and HeLa cells(2) were used as 
representative cell lines, the former derived 
from normal and the latter from malignant 
human tissues. Stock cultures were propa- 
gated in 20% inactivated human serum di- 
luted in Eagle’s basal medium(3). Cultures 
were checked at regular intervals, and also 
during each critical experiment, to assure 
freedom from contamination by pleuro-pneu- 
monia-like organism(4) and bacteria. Media. 
Basal carbohydrate-free medium consisted of 
10% dialyzed serum in a modified Eagle’s 
basal medium; the modifications consisted of 
elimination of glucose, addition of meso-inosi- 
tol to final concentration of 10 to 20 micro- 
molar, and the substitution of Earle’s bal- 
anced salt solution by Hanks’. Carbohy- 
drates being tested were added to this medium 
to final concentrations of 5 mM. Sera were 
collected and stored at -60°C as described 
(5). Dialyzed serum was prepared by 
dialysis of about 100 ml serum containing 
about 100,000 units of penicillin and 10 mg 
of streptomycin against 10 changes of 0.85% 
NaCl of 1 liter each at about 2°C for 48 hours. 
Sera so dialyzed were negative for glucose by 
the glucose oxidase test. Glucose oxidase 


* This investigation was supported in part by re- 
search grants from Natl. Inst. of Microbiology and 
Cancer, P.H.S., and the Amer. Cancer Soc. 


test. The enzyme paper stick method(6) was 
used, and the final reading was made exactly 
1 minute after application of test solution. 
The minimum concentration of glucose which 
gives a positive reaction is about 0.05 mM 
(0.5 to 1.0 mg per 100 ml). Carbohydrates.t 
Included in the present study were soluble 
starch, glycogen, maltose, sucrose, lactose, d- 
fructose, d(-+-)galactose, 1(-+-)rhamnose, 1 
(—)fucose, 1(—)sorbose, d-ribose, d(-+)xy- 
lose, 1(—)xylose, d(—)lyxose, 1(-+-)arabinose, 
d(—)arabinose, d-2-deoxyribose, i-erythritol, 
dihydroxyacetone, sodium pyruvate and so- 
dium lactate. When tested for presence of 
glucose as impurity by the glucose oxidase 
test, the following results expressed in terms 
of highest concentration giving a negative test 
were obtained: Starch+ 0.02 M, glycogen? 0.02 
M, maltose 0.02 M, lactose 0.3 M, d(+) gal- 
actose 0.01 M (this preparation was specified 
as “glucose free’), d-mannose 0.03 M, d(+-) 
xylose 0.5 M and all others negative at satura- 
tion (more than 1 M). Since, as will be 
shown, glucose is effective in supporting cell 
propagation at 0.05 to 0.1 mM, it is essential 
that the glucose present in starch, glycogen, 
maltose, d(-+-) galactose and d-mannose be 
removed. The amount of glucose in lactose 
and d(-+-)xylose was too small to be of con- 
sequence in the present studies. Tenth molar 
starch and glycogen solutions were dialyzed 
against running water for about 24 hours at 
0-2°C; these dialyzed polysaccharide solu- 
tions, after passage through bacterial filters, 
no longer gave positive glucose oxidase tests. 
Maltose, d(-+-) galactose and d-mannose were 
treated with the enzyme, glucose oxidase 


t Starch and sodium lactate were purchased from 
Mallinckrodt Co.; lactose, maltose and sucrose, from 
Merck; d(+)galactose and d(+)xylose, from Pfan- 
stiehl; d-fructose and d-mannose, from Eastman 
Kodak; and, all the others from Nutritional Bio- 
chem. Corp. 

+ Concentrations of all polysaccharides were based 
on glucose. 
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(Glucostat, Worthington Biochemical Corp.) ; 
about 150 mg of enzyme were used for each 
10 millimoles of carbohydrate. After aera- 
tion for 3 hours, the enzyme-carbohydrate 
mixture was dialyzed against a small volume 
of sterile water for 16-20 hours at 2°C. The 
amount of carbohydrate present in the dia- 
lysing fluid was determined by dry weight 
analysis; such determinations were performed 
after filtration through an ultrafine glass fil- 
ter. Maltose so treated gave a negative glu- 
cose oxidase test at 0.8 M concentration, 
galactose at 0.15 M, and d-mannose at 0.05 
M. This failure to reduce substantially the 
reaction of d-mannose and d(-++) galactose 
with glucose oxidase may possibly be explained 
by the oxidation of these 2 carbohydrates in 
the presence of this enzyme(7). 

Method of evaluation. About 20,000 cells 
suspended in 0.2 ml basal medium were in- 
oculated into a series of 6 to 12 new culture 
tubes, 18 x 150 mm, containing 0.8 ml basal 
medium plus the carbohydrate to be tested. 
After slanting at 36°C for about 20 hours, 
the tubes were placed on a roller drum also 
at 36°C. Media were renewed on the 3rd 
and then on every other day. The number of 
cells/tube was counted, generally on 4th and 
8th day; 2-4 tubes were used at each count- 
ing. To facilitate description, this will be re- 
ferred to subsequently as the direct inocula- 
tion method. ‘To eliminate possible unknown 
factors introduced through tryptic digestion 
and mechanical agitation (both are essential 
steps in the preparation of homogeneous cell 
inoculum), all carbohydrates incapable of sus- 
taining cell growth by the direct inoculation 
method were further tested by a medium re- 
placement method. One-half ml of basal me- 
dium containing 0.2 mM glucose and about 
30,000 cells was inoculated into each of a 
large series of culture tubes. On the 3rd day, 
when sheets of polyhedral cells were formed, 
the average number of cells/tube was calcu- 
lated from cell counts in any 4 tubes picked 
at random. After 3 successive washings with 
basal carbohydrate-free medium, the nutrient 
medium in remaining tubes was replaced by 
the basal medium plus a carbohydrate to be 
tested; this was then considered as the initial 
day of the test period. Six tubes were gener- 
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FIG. 1. Propagation of conjunctival cells in var- 
ious concentrations of glucose. 


ally used for each carbohydrate. Media were 
renewed every second day. The number of 
cells/tube was determined when definite de- 
generation appeared in the carbohydrate-free 
controls, and, again when degeneration was 
completed. Technical details of a similar 
quantitative study have already been de- 
scribed(5). In this particular study, reagents 
such as trypsin and antibiotics were dissolved 
in 0.85% NaCl rather than the balanced salt 
solution which contained glucose; the cell in- 
oculum was washed twice in 10 ml carbohy- 
drate-free medium; and, 2 controls, the basal 
carbohydrate-free and the basal plus 5 mM 
glucose, were included in each experiment. 
No attempt was made to evaluate minor dif- 
ferences in growth rate. Adaptive changes 
will be considered in another communication. 

Results. Cell growth in various concentra- 
tions of glucose. To provide basic data for 
subsequent comparison, multiplication pat- 
terns of the conjunctival cell in medium con- 
taining glucose at final concentrations of 10, 
2, 0.4, 0.1, 0.02, 0.004, and 0.0 mM were 
used. Results are presented in Fig. 1. Simi- 
lar growth curves were obtained in media con- 
taining glucose at concentrations of 10 and 2 
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TABLE I. Propagation of Conjunctival Cells in 
the Presence of Individual Carbohydrates.* 


Cells X 10%/tube on the following 


days: 
Carbohydrate 0 4th 8th 
None 29 3 0 
Glucose 29 104 158 
Starch 29 95 143 
Sucrose 29 19 43 
d-ribose 29 9 0 


* See text for pertinent data. 


mM; both showed a lag phase of about 2 
days, followed by logarithmic growth period 
of about 10 days, which terminated in partial 
cell degeneration after a maximum cell popu- 
lation of about 300,000/tube was reached. At 
0.4 mM, partial cell degeneration appeared 
several days earlier when the maximum pop- 
ulation of about 200,000 was attained. At 0.1 
mM, the slope of the logarithmic growth 
phase was less steep and when the cell popu- 
lation was about 100,000/tube, partial degen- 
eration became apparent. At 0.02 and 0.004 
mM glucose, evidence of cell multiplication 
and degeneration were present after about the 
3rd day, no logarithmic growth phase was 
observed, and cell populations were main- 
tained at approximately 5,000 to 10,000/tube. 
In the basal carbohydrate-free medium, de- 
generation was completed by the 4th to 7th 
day. Minor -variations were observed de- 
pending on the physiological state of cell in- 
oculum, sera used and cell lines tested. These 
variations were in length of the lag phase, 
the maximum population attainable before 
onset of partial degeneration, and the num- 
ber of days in the carbohydrate-free medium 
for completion of degeneration. It is there- 
fore essential to compare only results ob- 
tained within a single experiment. 

Both conjunctival and HeLa cells have 
been maintained and subcultivated in the 
basal medium plus glucose at a concentration 
of 0.1 mM for 2-3 months. At this low con- 
centration of glucose, the net increase in num- 
ber of cells/week is significantly lower than 
that in medium containing glucose at concen- 
tration of 10 mM. No evidence of partial de- 
generation could be observed when the cell 
population per 1 ml medium did not exceed 
50,000. It seemed that the actual rate of 
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multiplication of both cells may have been 
reduced appreciably at this low concentration 
of glucose. 

Cell propagation in carbohydrate other 
than glucose. Results for the conjunctival 
cells by the direct inoculation method are 
presented in Table I. Starch, glycogen, 
maltose, d(-++)galactose, d-fructose and d- 
mannose supported cell multiplication satis- 
factorily; the net increase in the number of 
cells in 8 days in the presence of these car- 
bohydrates was similar to that with glucose 
at a concentration of 5 mM. Results obtained 
with sucrose were dependent on the dialyzed 
serum used. When tested with 2 dialyzed 
horse sera, results such as those presented in 
Table I were obtained. However, when 3 in- 
dividual dialyzed human sera were used, su- 
crose failed completely to sustain cell growth. 
Lactose, 1(-+-)rhamnose, 1(—) fucose, 1]-sorbose, 
1(—)xylose, d(-++)xylose, d(—)lyxose, d(-—) 
arabinose, 1(-+-)arabinose, d-2-deoxyribose; 
i-erythritol, dihydroxyacetone, sodium pyru- 
vate and sodium lactate were unable to sup- 
port cell propagation; the results were similar 
to those obtained with d-ribose, which are 
shown in Table I. Essentially similar results 
were obtained with the HeLa cells. Except 
in the case of sucrose, no appreciable differ- 
ence in the results was obtained whether a 
dialyzed horse or a dialyzed human serum 
was used. Those carbohydrates incapable of 
sustaining cell growth were further tested by 
the medium replacement method. Results 
are shown in Table II. Sodium pyruvate, 
sodium lactate, d-ribose and d(-+-)xylose de- 
layed the degeneration of both kinds of cells. 
L(+)rhamnose, 1(—)fucose and 1(—)sorbose 
appeared to retard the degeneration of the 
HeLa cells more effectively than the conjunc- 
tival cells. Lactose, 1(—)xylose, d(—)lyxose, 
d(—)arabinose, 1(-+-) arabinose, d-2-deoxyri- 
bose, i-erythritol and dihydroxyacetone failed 
completely to produce any beneficial effect. 

Carbohydrases in dialyzed serum. The sat- 
isfactory cell propagation in such carbohy- 
drates as starch, glycogen, maltose and su- 
crose may be explained by the existence of 
amylase, maltase and, perhaps, even sucrase 
in the serum. These enzymes would hydro- 
lyze the poly- and di-saccharides into glucose 
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TABLE II. Degeneration of Conjunctival and Hela Cells in Certain Selected Carbohydrates. 


Cell & 10%/tube on the following days: 


0 4th 8th 20th 
‘Carbohydrate Conj. Hela Conj. Hela Conj. HeLa Conj. HeLa 
None 33 26 2 22 0 0 
Glucose 33 26 132 112 217 397 
Pyruvate 33 26 9 14 d iLil 5 7 
1(+ )rhamnose 33 26 2 20 3 a 0 6 
d-2-deoxyribose 33 26 3 5 0 0 


and fructose, both of which are readily utilized 
by the cells. In several actual determinations, 
we were able to demonstrate positive glucose 
oxidase reaction with dialyzed serum contain- 
ing starch, glycogen, and maltose after incu- 
bation of these serum-carbohydrate mixtures 
at 37°C for 16-20 hours; 2 individual dia- 
lyzed horse sera and 3 dialyzed human sera 
tested showed the ability of hydrolyzing these 
3 carbohydrates. With sucrose, a positive 
glucose reaction was obtained when incubated 
with the dialyzed horse but not with the 
dialyzed human sera. No glucose was de- 
tected after incubation of lactose with any 
of the 5 dialyzed sera tested. This finding 
corresponded closely with the results of cell 
propagation studies using these dialyzed sera 
and carbohydrates. Satisfactory propagation 
occurred in starch, glycogen and maltose with 
any of the sera, sucrose would support cell 
growth only when dialyzed horse sera were 
used and lactose failed completely to support 
growth with all of the sera. 

Glucose sparing effect of alanine and pyru- 
vate. In view of the finding that sodium py- 
ruvate was able to delay cell degeneration, the 
addition of this intermediate to medium con- 
taining a low concentration of glucose may 
spare some of the glucose from being oxidized 
as a source of energy, thereby increasing the 
amount of glucose available for synthesis of 
essential cell components. Results of experi- 
ments presented in Table III appeared to sup- 
port this hypothesis. The addition of pyru- 
vate and dl-alanine to media containing 0.1 
mM glucose prevented the partial cell degen- 
eration normally occurring between the 10th 
and 18th days. Cell multiplication occurred 
in media containing 0.01 mM glucose when 
pyruvate and alanine were added, while at 
0.001 mM glucose, the addition of pyruvate 


and alanine delayed the rate of cell degenera- 
tion. 

In an experiment with the conjunctival 
cells, when glucose was substituted by d-man- 
nose or d(+-)galactose, both at concentra- 
tions of 0.01 mM, satisfactory cell multipli- 
cation was observed in the presence of alanine 
and pyruvate; d-fructose was an effective sub- 
stitute only at higher concentrations. This 
glucose sparing effect was shown to be due 
largely to pyruvate; alanine without pyruvate 
was completely ineffective; and, pyruvate 
without alanine was not as effective as pyru- 
vate with alanine. 

Discussion. Harris and Kutsky(8) reported 
that glycogen, maltose, d-mannose, d-fructose 
supported vigorous growth of chick heart 
fibroblast, that d-galactose was inhibitory and 
that sucrose, d-ribose and d-xylose were inert. 
Our results with human cells showed that d 
(++) galactose supported cell growth as well 
as glucose and that d-ribose and d-xylose re- 
tarded cell degeneration. Differences in the 
cell system used, the method of quantitation 
and the assay medium may account for some 
of these disagreements. 

The presence of carbohydrases in serum 


TABLE III. Glucose Sparing Effect of Pyruvate 


and dl-alanine.* 


Cells & 10°/tube on 
following days: 


Medium t 


Glucose Pyruvate Alanine 0 6th 10th 18th 
ell 0 0 14 67 158 38 
oll 5 5 14 64 197 246 
OL 0 0 14 3 4 0 
01 5 5 14 9 47 58 
O01 0 0 14 0 0 
OL 5 5 14 3 it 0 
* Results obtained with conjunctival cell. Tests 


with HeLa cells gave similar results. 

+ Basal carbohydrate-free medium with addition 
of glucose, pyruvate and dl-alanine concentrations 
indicated (expressed in mM), 
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may be an explanation for the satisfactory cell 
propagation in starch, glycogen, maltose and 
sucrose, as suggested by Harris(8). The abil- 
ity of the 2 dialyzed equine sera and the in- 
ability of the 3 human sera to hydrolyze su- 
crose sufficiently to support cell growth tends 
to support this view. 

The difference in the sucrase activities of 
the various individual sera is of interest in 
studies of the nutritional requirement of hu- 
man cells. It illustrates how the results of 
certain studies may be influenced by the 
source of serum incorporated into the assay 
medium. Other differences of sera have al- 
ready been described (9). 

Summary. 1) Under the described experi- 
mental conditions, both conjunctival and 
HeLa cells propagated satisfactorily in the 
following individual carbohydrates: starch, 
glycogen, maltose, d-glucose, d-fructose, d- 
mannose and d(--)galactose. Cell propaga- 
tion in sucrose depended largely on source of 
dialyzed serum. Sodium pyruvate, sodium 
lactate, d-ribose and d(-+-) xylose were unable 
to support cell multiplication, though cell de- 
generation in the presence of these carbohy- 
drates and intermediates was definitely re- 
tarded. L(-++)rhamnose, 1(—)fucose and 1- 
sorbose appeared to delay the degeneration of 
the HeLa cells more effectively than that of 
the conjunctival cells. Lactose, 1(—)xylose, 
d(—)arabinose, 1(-+)arabinose, d-2-deoxy- 
ribose, i-erythritol and dihydroxyacetone nei- 
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ther supported growth nor retarded degenera- 
tion. 2) Glucose at low concentration of 0.1 
mM is capable of supporting cell growth for 
at least several months. Net increase in num- 
ber of cells at a concentration of 0.1 mM is 
significantly lower than that in 10 mM glu- 
cose. When pyruvate and alanine were added 
to the medium, the concentration of glucose 
could be further reduced to 0.01 mM without 
resulting in cell degeneration. D-mannose 
and d(-+)galactose both at 0.01 mM concen- 
trations, and d-fructose at somewhat higher 
concentration, are effective substitutes for 
glucose. 


The authors are grateful to Dr. J. C. Snyder for 
his interest and suggestions in this work. 
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Effect of Beta-Aminopropionitrile on Incorporation of Glycine by 


Croton Oil Pouches in Rats.* 
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Wisconsin, Madison 


Although several investigators have studied 
the influence of beta-aminopropionitrile (BA- 
PN) on mesodermal tissues, the mechanism 
of the BAPN effect is still not understood. 
Dasler(1) pointed out that it is tissues which 


* This research was supported in part by funds 
from the U. S. Public Health Service. 


are high in collagen that appear to be primar- 
ily affected by the lathyrus factor, and he has 
suggested that lathyrism involves a disturb- 
ance in the metabolism of connective tissue or 
of a connective tissue component. Ponseti 
and Shepard(2) also concluded that mesen- 
chymal tissues are influenced by the lathyrus 
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factor, the active principle of which is BAPN 
(3). 

A previous study carried out in this labora- 
tory has shown that the use of Selye’s croton 
oil pouch technic provides an excellent tool 
for demonstrating the influence of BAPN on 
newly formed connective tissue(4). This 
technic has been used in the present investi- 
gation to determine the effect of BAPN on in- 
corporation of radioactive glycine into croton 
oil pouches and dermis of rats. 

Methods. Croton oil pouches were pro- 
duced in female Sprague-Dawley rats accord- 
ing to a modification of Selye’s procedure(5). 
Rats weighing 80 to 90 g were injected sub- 
cutaneously in the dorsal region with 20 ml of 
air followed by 1 ml of 1% croton oil. Jn vivo 
studies using radioactive glycine were carried 
out on 12 rats with croton oil pouches. Six 
test rats were fed 40 mg of mono beta-amino- 
propionitrile fumarate’ (BAPN) in 20 ml of 
drinking water daily for 9 days, while con- 
trol rats received no BAPN. A commercially 
prepared rat pellet diets was fed during the 
course of these studies. All animals were 
weighed at the beginning of the experiment 
and again before sacrificing them on the ninth 
day. On the eighth day of pouch development 
each rat received 2 intraperitoneal injections 
of 50 pc of carboxyl-labeled glycine’ 24 and 
15 hours before the time of sacrifice. On the 
ninth day the animals were decapitated, and 
the croton oil pouches were cut open and 
placed immediately into 0.9% NaCl to re- 
move croton oil and hemorrhagic inflamma- 
tory exudate. After wet weights were ob- 
tained, the tissue was cut into 4 to 5 mm 
pieces and placed into cold 0.9% NaCl until 
time of pulverization. Three x 6 cm sections 
of skin adjacent to the pouch were also taken. 
The segments were laid upon a flat surface, 
excess fat was removed, and the dermis was 
scraped off with a scalpel. The dermis was 
weighed, cut into pieces, and placed into cold 
NaCl solution. Tissues were frozen in liquid 


+ Mono Beta-aminopropionitrile Fumarate was ob- 
tained from Abbott Laboratories, North Chicago, III. 

+ Purina Lab Chow. 

§ Glycine-1-C14 was purchased from Tracerlab, 
Inc., allocated by U.S.A.E.C. 
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air and pulverized by means of a stainless 
steel mortar and pestle. The powdered tissue 
was then suspended in 10 ml of cold 4% 
perchloric acid to extract free amino acids, 
nucleotides, and other acid soluble substances. 
The suspension was centrifuged and the su- 
pernate saved for radioactivity measurements. 
The protein residues were resuspended twice 
in 10 ml portions of cold 4% perchloric acid, 
centrifuged, and the supernate added to the 
acid soluble fraction. In order to be certain 
that the residues were free of acid soluble 
substances, they were rinsed twice more with 
cold perchloric acid and the washings dis- 
carded. Lipids were extracted from the resi- 
dues with 10 ml portions of 80% ethanol, 
95% ethanol, two 10 ml portions of absolute 
ethanol, and two 10 ml portions of ether. The 
lipid-containing ethanol and ether extracts 
were pooled and radioactivity measurements 
made on these fractions. The ether extracted 
protein residues were allowed to dry in a des- 
iccator overnight. A measured amount of the 
dried residue (3 to 5 mg) was then plated on 
tared aluminum planchets using 2 or 3 drops 
of water to distribute the residue evenly. The 
samples were counted in a Geiger-Mueller 
windowless gas flow counter. Radioactivity 
was expressed as counts per minute per milli- 
gram of protein. A correction for self-absorp- 
tion and counting efficiency was made. Ex- 
traction and hydrolysis of nucleic acids was 
accomplished by treating the protein residues 
with 4% perchloric acid at 90°C for 30 min- 
utes. Purine bases present in the perchloric 
acid extract were eluted from a Dowex 50 
column with 6 N HCl according to the method 
of LePage(6). Guanine and adenine were 
separated by descending paper chromatog- 
raphy using a solvent system of tertiary 
butyl alcohol and constant boiling HCl 
as described by Markham and Smith(7). 
After locating the bases on the chromato- 
graphic strips with the aid of ultraviolet light, 
guanine and adenine were eluted with 1 N 
HCl. The eluate, which was collected in 
small beakers, was then evaporated to dry- 
ness with a stream of air, plated in .01 N HCl, 
and the radioactivity counted. In order to 
calculate the concentration of purine on the 
planchets, optical densities in 0.1 N HCl were 
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oil pouches removed from rats after 3, 6, 9 and 15 days. Be- 
fore fixation fibrin and inflammatory cells were removed from the inner aspect of the capsule, 
Sections were stained with hematoxylin and 
eosin. < 350, 
FIG. 1. Three-day-old croton oil pouch. There is a mixture of fibroblasts and leukocytes in 
the capsule. Stroma is poorly developed. 
FIG, 2. In the 6-day-old capsule immature fibroblasts with round or oval nuclei predominate. 
Stroma is more dense than at 3 days. Several cystic spaces can be seen in the capsule. 
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TABLE I. Radioactive Glycine Uptake into Proteins of Rat Croton Oil Pouches and Dermis. 


Wt at start 


Protein Protein 
residue residue 
Wet wt of of pouch of dermis 


of exp.,g Netgain,g pouch, mg ———epm/mg protein— 

Exp. 1 
Controls 84.5 36.0 1220 5760 1905 
91.8 28.5 1310 5130 1610 
97.6 27.7 560 3430 1685 
Test 91.4 23.5 520 3900 1559 
92.5 25.5 660 3790 1392 
89.1 22.4 600 3390 1416 

Exp. 2 
Controls 86.0 13.5 790 4920 2280 
85.1 20.4 720 4420 1760 
79.6 16.9 670 3060 1500 
Test 84.0 18.5 500 3590 1744 
80.2 15.8 400 2750 2100 
83.5 17.5 350 2580 918 

determined in a Beckman DU spectropho- Results. Microscopic studies of the croton 


tometer at 260 and 250 millimicrons for 
adenine and guanine, respectively. The con- 
centrations were then calculated according to 
the molar extinction coefficients used by 
Markham and Smith(8). Radioactivity was 
expressed as counts per minute per micromole 
of adenine or guanine. 

Five mg aliquots of the protein residues 
from croton oil pouches were hydrolyzed for 
15 hours at 100°C with 4 N HCl. Following 
hydrolysis the samples were evaporated to 
dryness at 40°C under a stream of air and re- 
dissolved in 0.5 ml of water. Two 25d por- 
tions were applied in 4 cm adjacent bands on 
Whatman No. | filter paper buffered with a 
mixture of 1 M HAc and 0.6 M HCOOH at 
pH 2.3. After 2 hours’ electrophoretic migra- 
tion at 14000 volts the filter paper strip was 
cut lengthwise to separate the duplicate sam- 
ples, and amino acids were located by dipping 
one of the strips in 0.2% ninhydrin in ace- 
tone. The amino acids of the duplicate strip 
then were eluted from segments which corre- 
sponded to the ninhydrin bands of the devel- 
oped strip. The eluates were plated and the 
radioactivity counted. 


oil pouch. A preliminary time study was car- 
ried out to establish the phase of pouch devel- 
opment at which there are maximum numbers 
of young fibroblasts. Croton oil pouches 
were removed from 2 animals at 3, 6, 9, 12, 
and 15 days. Pieces of each pouch were fixed 
in 10% formalin, embedded, sectioned, and 
stained with hematoxylin-eosin. Microscopic 
findings demonstrated that the capsules of 3- 
day pouches contain many inflammatory cells 
(Fig. 1). By the sixth day almost all in- 
flammatory cells have disappeared. The cap- 
sule is principally composed of immature 
fibroblasts containing large, round vesiculated 
nuclei. Minimal numbers of collagen fibers 
are present at 6 days (Fig. 2). At 9 days 
the capsule contains more collagen. The 
fibroblasts now contain round and fusiform 
nuclei (Fig. 3). On the twelfth day of de- 
velopment fusiform fibroblasts and small oval 
nuclei are conspicuous. The ratio of collagen 
to cellular elements is markedly increased. By 
the fifteenth day the capsule is composed 
mostly of collagen. Mature fibroblasts with 
fusiform nuclei now constitute over 75% of 
all fibroblasts (Fig. 4). Feeding BAPN to 


FIG. 3. At 9 days fibroblasts with fusiform nuclei are conspicuous for the first time. Im- 
mature fibroblasts with round nuclei are more numerous near internal border of capsule. Many 
fibroblasts oriented parallel to the lumen, A capillary is evident in this segment of the pouch 
wall. Stroma is still poorly developed although collagen fibers are apparent. 

FIG. 4. Fifteen-day-old capsule has a well defined collagen stroma. Most of fibroblasts are 
of adult type with fusiform nuclei. Few immature fibroblasts with round nuelei can still be 


seen at inner border. 
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rats delays maturation of the fibroblasts and 
delays collagen synthesis. Since maximum 
numbers of young fibroblasts are present at 
7 to 9 days, the 8-day-old pouch was chosen 
as a source of connective tissue to study meta- 
bolic behavior of radioactive glycine as in- 
fluenced by BAPN. 

In vivo studies using radioactive glycine. 
The results of duplicate experiments 1 and 2 
indicate that BAPN exerts a significant effect 
on rate of incorporation of radioactive glycine 
into proteins of granuloma and dermal tissues 
of rats. The data in Table I demonstrate 
from 23 to 28% less uptake of glycine in cap- 
sules of croton oil pouches from BAPN 
treated animals. Somewhat less affected by 
BAPN is rate of glycine incorporation into 
the dermal protein; those from BAPN fed 
animals have approximately 15% less activity 
than controls. The protein residues from both 
croton oil pouch and dermis show high spe- 
cific activities. As one might expect, the up- 
take of radioactive glycine into the proteins 
of rapidly developing connective tissue, such 
as the croton oil pouch, is almost 3 times as 
great as in the more slowly metabolizing der- 
mis. 

Electrophoresis of the protein hydrolysates 
separates the following amino acids: aspartic 
acid, glutamic acid, methionine, threonine, 
serine, alanine, and glycine. Only in the ser- 
ine and glycine bands is there significant ra- 
dioactivity. The results show that, even 
though there is less total radioactivity in the 
protein residues from BAPN fed rats as com- 
pared to controls, the percentage of the radio- 
activity accounted for as glycine and serine in 
both test and control pouches is the same. 
Fifty-three % of the radioactivity is found 
in the glycine band in both the control and 
treated croton oil pouches. Thirty-six % of 
the radioactivity is accounted for by serine. 

The incorporation of radioactive glycine 
into the purine bases of nucleic acids is given 
in Table II. The data of duplicate experi- 
ments demonstrate that the specific activities 
of guanine and adenine are essentially the 
same in both the control and BAPN treated 
tissues. On the basis of these experiments it 
appears, then, that BAPN does not affect the 
rate of incorporation of radioactive glycine 
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TABLE II. Radioactive Glycine Uptake into Nu- 
cleic Acids of Rat Croton Oil Pouches and Dermis. 


Guanine Guanine 
of pouch of dermis 


Adenine Adenine 
of pouch of dermis 


epm/yM adenine epm/yuM guanine 


Exp. 1 
Controls 1753 1470 2750 2100 
1390 1525 2040 2290 
1230 1585 1800 2340 
Test 1305 1493 1900 2250 
1420 1583 2160 2120 
1300 1680 1830 2030 

Exp. 2 
Controls 1756 1583 2990 3030 
2000 1454 2680 2560 
1430 1650 1985 2660 
Test 1550 1895 2120 3230 
Boo 2700 1530 4150 
1370 1475 2010 2150 


into the purine bases of nucleic acids in cro- 
ton oil pouches and dermis of the rat, whereas 
significant differences in the incorporation 
into protein are evident. The fact that ani- 
mals continue to grow despite administration 
of BAPN suggests that the effect is a rela- 
tively local one, showing selective specificity 
in producing extracellular protein. 


A preliminary analysis of the acid soluble 
fraction indicates only a smali uptake of gly- 
cine into acid soluble substances. Measure- 
ments of radioactivity in the lipid fraction in- 
dicate that almost no labeled material is in- 
corporated into this fraction. 


Discussion. Our experimental data are 
compatible with the findings of Mielke, e¢ al. 
(4) who demonstrated that collagen synthesis 
is in some way inhibited by BAPN. Their ex- 
periments indicated differences in the chemi- 
cal composition and weights of croton oil 
pouches from animals fed BAPN as compared 
with controls. Test pouches contained from 
20 to 25% less hydroxyproline in protein resi- 
dues prepared similarly to those in the present 
investigation, the hydroxyproline determina- 
tions indicating amounts of collagen present. 
These workers also found that pouches from 
BAPN treated animals weighed only half as 
much as control pouches; the present work 
indicated similar results. 


Utilizing glycine-1-C'4 we have shown that 
BAPN significantly decreases amino acid in- 
corporation into the protein residues of croton 
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oil pouches and dermis, but incorporation into 
the purines of nucleic acids from either of 
these tissues is unaffected. The data here re- 
portéd do show some variation in response, 
which might possibly be accounted for by in- 
dividual animal variations. It is interesting 
to note, however, that in croton oil pouch pro- 
tein residues, the activity of the tissue is di- 
rectly proportional to the weight of the pouch. 
Where the weight is high, as in the control tis- 
sues, specific activity is also high. One con- 
trol tissue which, for some unknown reason, 
did not respond to the croton oil injection, 
showed lower radioactive glycine incorpora- 
tion, similar to the incorporation found in test 
pouches. 

To evaluate its specific role in connective 
tissue metabolism, we have attempted to de- 
termine whether BAPN acts primarily on reg- 
ulation of cellular uptake or utilization of 
amino acids in collagen synthesis. Since gly- 
cine uptake into acid insoluble purines is un- 
altered by feeding BAPN, it would appear 
that BAPN does not exert its effect at the 
level of nucleic acid synthesis in the cellular 
component of the connective tissue. On the 
other hand, the observed lowering of glycine 
incorporation into the protein residue is com- 
patible with earlier findings indicating an in- 
hibitory action of BAPN on the synthesis of 
extracellular collagen by these same cells. 

Summary. 1. An investigation of the in- 


345 


fluence of BAPN on incorporation of glycine- 
1-C™ into proteins and nucleic acids of rat 
croton oil pouches and dermis was undertaken. 
2. Incorporation of glycine into protein resi- 
dues of fibrous tissue from croton oil pouches 
was decreased about 25% in animals pre- 
treated with BAPN. In protein residues of 
dermis the rate of incorporation of glycine 
was also decreased, but to a much lesser de- 
gree, about 15%. 3. Studies of the nucleic 
acid fraction indicate that no change occurs 
in glycine uptake in fibrous tissue of dermis 
or croton oil pouches from BAPN treated ani- 
mals as compared to controls. 4. The results 
of these experiments suggest that BAPN pri- 
marily affects amino acid incorporation into 
collagen or ground substance rather than the 
cellular portion of connective tissue. 
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Thresholds for Pain and Convulsions in the Guinea Pig Following Massive 


Whole-body Irradiation. 


(23473) 


Howarp L. ANpDREws (Introduced by Falconer Smith) 
Department of Health, Education and Welfare, P.H.S., Nat. Cancer Inst., Radiation Branch, 
Bethesda, Md. 


The guinea pig shows an abrupt shortening 
of survival time and a striking change in mode 
of death(1) when a single whole-body radia- 
tion dose exceeds 6,000 r (6 Kr). Below 6 
Kr the clinical picture is essentially that of 
depression, while above 6 Kr excitation, with 
frequent convulsions, is regularly seen. Pen- 
tobarbital sodium, given prior to radiation, 
prevents the clinical signs of excitation(2) 


and lengthens survival time. The observable 
neuropathology (3) appears insufficient to ac- 
count for the early death and this suggested 
the present study on the functional state of 
some accessible neurological systems. 
Previous studies(4) have shown only small 
and subtle effects on the electroencephalogram 
at doses below 6 Kr and paroxysmal seizure 
waves at higher doses. Changes in the elec- 
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TABLE I. Convulsive Thresholds. 
NE eee eee 


Radiation 


Avg sur- 


(Kr) Milliamperes avg* at various times (hr) vival (hr) 
Prev 2-6 24-29 48 72 144 168 
5 20 20 19 23 22 25 23 158 
a4 1 6 
10 22 15 4 2 12 
28 49 0. 
10t 19 if 22 18 121 


* Each value is avg of 2 to 4 animals. 


+ Pentobarbital sodium (35 mg/kg) i.p. preceded radiation exposure. 


trocardiogram are small except when the ani- 
mal is moribund. One of the more prominent 
features of the high-dose syndrome is the hy- 
pothermia which appears early and may per- 
sist until death. Gerstner et al.(5) reported 
a rise in pinna reflex threshold 3 hours after 8 
Kr to the head. Twenty-four hours after ir- 
radiation the pinna reflex was abolished. We 
have obtained essentially similar results with 
the pinna reflex but have experienced difficulty 
in obtaining consistent responses. The pres- 
ent report concerns convulsive thresholds as 
elicited by electric shock and “pain threshold” 
determined by reaction to thermal radiation. 
Sharp end points and reproducible responses 
can be obtained with both of these reactions. 

Methods. Adult male guinea pigs (800- 
1200 g) from the NIH hybrid stock were 
used. All radiations were delivered with a 
Van de Graaff generator operating at 2.5 Mev, 
TSD 75 or 100 cm, dose rate 500-2,000 r/ 
min., HVL 10 mm lead. All doses were ad- 
ministered by an integrating ionization cham- 
ber circuit, calibrated before each run against 
a thimble chamber. Electric shocks were de- 
livered through electrodes clipped to the ears 
after washing with acetone and vigorously ap- 
plying conducting electrode paste. Stimuli of 
3 sec. duration were delivered by a motor 
driven switch. The stimulus consisted of a 
60 cycle alternating current supplied by a 
transformer through a high series resistance 
which reduced the effect of varying electrode 
resistance. Current was measured by the volt- 
age drop across a standard resistor. Convulsive 
threshold was taken as that current required to 
produce a convulsion with both tonic and clonic 
components. Current was varied in steps of 
about 2.5 milliamperes and no attempt was 
made to obtain readings closer than this. Be- 


low-threshold stimuli were spaced at least 15 
minutes apart to prevent summation. “Pain 
threshold” measurements used essentially the 
procedure(6) developed for the dog. Radia- 
tion from a 750 watt projection bulb was fo- 
cussed onto the shaved, blackened skin of the 
back. Three-second stimuli were repeated at 
30-second intervals. Threshold was taken as 
the watts input to the lamp needed to elicit a 
characteristic muscular twitch(7). This may 
not be a response to pain but it is at least 
closely related and involves a large segment 
of the nervous system. 

Results. Table I shows the results of con- 
vulsive threshold measurements in animals. 
receiving 5 Kr, 10 Kr, and 10 Kr preceded by 
35 mg/kg pentobarbital sodium, i.p. In the 
latter group post-radiation measurements 
were not made until several hours after each 
animal had returned to an apparently normal 
state of alertness. 

The 10 Kr data shown in Table I were 
taken when no spontaneous convulsions were 
occurring. Handling incidental to electrode 
placement did not elicit convulsions but after 
10 Kr these were always produced at the 
lowest current value tested. From this fact, 
and the length and severity of the induced 
seizures it seems probable that the 10 Kr 
post-r values may be somewhat lower than 
those given. It did not seem worthwhile to 
establish more exact values. 

As Table I shows, the drop in threshold at 
10 Kr occurs rapidly but is not coincident 
with absorption of the radiation. Threshold 
values were nearly normal in 2 animals tested 
12 minutes after the mid-point of a 10 Kr, 
10 min irradiation, but at 1 hour each un- 
medicated animal had a low value. 

Table II gives the results of the pain 
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TABLE II. Pain Thresholds. 


Radiation Avg sur- 
(Kr) Watts avg* at various times (hr) vival (hr) 
Pre i if 24 96 120 144 
5 176 181 179 173 186 196 147 
iD o) 
10 169 170 I) 12 
i 2 P42 Aa2d8e G3. 89 = 163 
5 + 5,t 48 hr later AEC TE 194 169 158 184 233 244 220 156 


* Hach value is avg of 4 animals except at 139, 144 and 163 hr where only 


mals, respectively, were surviving. 


3, 3, and 1 ani- 


t Time measured from the first of 2 exposures. 


threshold measurements. 

Pain-threshold data from animals receiving 
a single dose of 5 Kr show no significant 
trends although there was a tendency toward 
somewhat higher values a few hours before 
death. Data obtained from animals receiving 
10 Kr and pentobarbital were similar to those 
from 5 Kr animals and have been omitted 
from Table II. The 10 Kr data at 5 hours 
are presented as found but are of dubious 
value because almost continuous muscle 
twitching obscured the sharp end _ points 
usually obtained. 

Divided dose experiments have been done 
with intervals between irradiations ranging 
from 2 to 48 hours. The large, prompt in- 
crease in threshold shown in Table II was 
seen only at the longest interval. A small 
prompt increase was seen when the doses were 
spaced 19 hours apart but at shorter intervals 
no prompt effect of the second dose was evi- 
dent. 

Discussion. The convulsive threshold data 
confirm what would have been inferred from 
clinical observations, and emphasize the dif- 
ferences existing between guinea pigs receiv- 
ing less than, or more than, 6 Kr whole-body 
radiation. The suppression of clinical signs 
of convulsions by pentobarbital undoubtedly 
results from its ability to prevent the sharp 
drop in threshold usually seen after 6 Kr or 
more. At 5 Kr there is no significant trend in 
the pain threshold data although the values 
tend to rise as the animal becomes moribund. 
The abrupt, prompt rise in threshold observed 
after a second 5 Kr dose appears much like a 
sensitivity reaction. The high values observed 
with the divided dose schedule are not ap- 
proached at any time with a single 5 Kr dose. 


Observations following 10 Kr are difficult, but 
it appears that here also pain threshold values 
are lower than those seen with the 2 doses 
spaced 48 hours apart. 

The relative constancy of the pain thresh- 
old response indicates that function is rela- 
tively unimpaired in a large portion of the 
nervous system. The responses obtained may 
not represent true pain thresholds but cer- 
tainly afferent and efferent fibers are involved 
and thalamic integration and cortical localiza- 
tion of response seems to be required. The 
hypothalamic areas probably responsible for 
the observed hypothermia, and the cerebellar 
areas showing pyknotic cells are presumably 
not involved in the reactions studied here. 

Summary. Pain thresholds were tested 
using the thermal radiation from a projection 
bulb as a stimulus, and convulsive thresholds 
to electric shock were determined with ear 
electrodes. Radiation doses of 5,000 r and 
10,000 r were used to bracket the critical 
6,000 r dose, above which signs of nervous 
system injury predominate. Pain thresholds 
remained relatively constant at each radiation 
dose until the animals became moribund. 
Convulsive thresholds were relatively con- 
stant at a dose of 5,000 r but dropped sharply 
following 10,000 r. Pentobarbital given prior 
to 10,000 r prevented the drop in convulsive 
threshold even after the obvious drug effects 
had disappeared. The essential constancy of 
the pain threshold response indicates that 
function is relatively unimpaired in a large 
portion of the nervous system. 


1. Brace, K. C., Andrews, H. L., and Thompson, 
E. C., Am. J. Physiol., 1954, v179, 386. 

2. Andrews, H. L., and Brace, K. C., zbid., 1956, 
v187, 378. 


348 


3. Alvord, E. C., and Brace, K. C., J. Neuropath. 
and Exp. Neurol., 1957, v16, 3. 

4. Andrews, H. L., and Brace, K. C., Am. J. 
Physiol., 1953, v175, 138. 

5. Gerstner, H. B., Konecci, E. B., and Taylor, 
W. F., NP (4856) Rep. 8, Sept. 1953. 


Disparity MATERNAL INFANT POLIOVIRUS ANTIBODY 


6. Andrews, H. L., and Workman, W., J. Pharma- 
col. and Exp. Ther., 1941, v73, 99. 

7. Winder, C. V., Yale J. Biol. and Med., 1947, v19, 
289. 


Received July 22, 1957. P.S.E.B.M., 1957, v96. 


Neonatal Immunity. I. Disparity in Maternal-Infant Poliovirus Antibody.* 
(23474) 


Murray M. I.ipton AND ALEX J. STEIGMAN 
Kentucky Child Health Fn. Laboratory, Department of Pediatrics, University of Louisville 
School of Medicine, Louisville, Ky. 


The studies here reported concern the titers 
of poliovirus antibodies to the 3 serotypes in 
the serum of mothers and their newborn in- 
fants. It represents part of a study on the 
local formation and transfer of antibody in 
utero. Since we are dealing exclusively with 
infants at the moment of birth, the possible 
role of colostrum will not be discussed nor 
will the uncertain role of the placenta in pro- 
duction of antibodies. The subject of active 
and passive immunity of the infant has been 
reviewed by Edsall(1). Previous reviews in- 
clude one on placental permeability by Doerr 
(2). One of the earliest observations of anti- 
body transfer in the human from mother to 
infant concerned that of diphtheria in 1895 
(3). Later studies demonstrated transmis- 
sion of tetanus antibodies(4). More recently, 
however, the concern has been with the quan- 
titative aspects of maternal transmission of 
antibody and, therefore, neonatal immunity. 

Although one might expect all antibodies to 
behave similarly with respect to maternal- 
infant transmission, this does not appear to be 
the case. Reagins reportedly do not appear 
in the umbilical serum whereas blocking anti- 
bodies do(5). Viruses may differ among 
themselves in this respect, thus in Japanese 
B encephalitis(6) and mumps(7) no dispari- 
ties have been observed whereas they have 
been found in vaccinia(8). Employing un- 
typed poliovirus in qualitative tests in mon- 


*This investigation was supported by research 
grant from Natl. Inst. of Allergy and Infect. Dis., 
USES: 


keys, Aycock and Kramer reported neutral- 
izing antibody in 10 of 12 matched maternal- 
cord serums tested(9). Among the 3 sero- 
types of polioviruses we have observed dis- 
parities in titer most marked in Type 3. 
Rather than stress the anticipated agreements 
we have chosen to consider the possible mean- 
ing of the observed disparities among the 3 
serotypes. 


Methods. A series of 48 mothers’ and cor- 
responding umbilical cord bloods were col- 
lected aseptically generally at term; this in- 
cludes 4 prematures and 3 sets of twins. The 
immunization record of each mother in regard 
to poliomyelitis was recorded but not known 
at the time of antibody titration. Mothers 
were of various ages, color, and previous ob- 
stetrical history who were seen in pre-natal 
clinics and delivered at a city hospital. The 
antibody titrations were performed in vitro 
by a modification of the technic originally 
published by Salk, Youngner and Ward(10). 
Monkey kidney cells were obtained by seed- 
ing bottles with trypsinized monkey kidney 
tissue. After 1 week the cells were harvested 
by use of versene and used in a suspended cell 
neutralization test using 2% calf serum, 0.5% 
lactalbumin hydrolysate in Hanks’ BBS. 
Twenty thousand cells were used/tube. The 
matched maternal and umbilical cord serums 
were always titrated simultaneously, dilutions 
of both being made by the same worker. For 
antibody titrations versus each virus type, 100 
TCDs50 of poliovirus either type 1 (Ma- 
honey), type 2 (MEF,), or type 3 (Saukett) 
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TABLE I. Antibody Titer Distribution for Polio- 
viruses in Maternal and Corresponding Cord 
Serums. No disparities. 


Type 1 


; Type 2 
Age P/G* MBt CBt 


MB CB 


Type 3 
MB CB 


No record of poliomyelitis vaccination 


16 1/1 102411024 4096 4096 32 32 
Ole ALA al Oleh ol2 1024 256 256 
IS} al // val 64 64 128 128 128 128 
20) 2/2 32 16 128 128 128 64 
eal ae al Hii ole Dil ole Oi Ole, 
Bey Aye 64 64 2048 2048 256 256 
24 4/4 52) 256 128 128 128 128 
25 4/ 5 <4 <4 Bye tL 64 64 
26 — 64 128 256 256 32 32 
29 6/ 6 32 320 1024s so 64 64 
302 3/ 3 128 128 296 256 64 64 
39 11/14 32 16 64 64 16 16 
42 4/4 512 512 2048 2048 206 256 
— 8/9 128 128 HZ) 602 128 128 
1 ml of poliomyelitis vaccine 
is, NYA at Cm ies sly ayy Dill olse, 
Ose sls /a i. 512 512 16 16 256 256 
22 3/7 4 2048 2048 2048 2048 256 256 
27 —_ 256 256 512 256 128 128 
2 ml of pohomyelitis vaccine 

14 1/1 1024 1024 1024 1024 64 64 
iio yal <4 <4 4 4 <4 <4 
19 1/1 1024 2048 syle, fayith2 yale) fsy32? 
19 3/ 4 32 32 256 256 8 8 
PAD) BFP? 32 327” 1024 512 <4 <8 
Waal Byh 3 512 512 2048 2048 2048 2048 
22 3/3 1024 1024 4096 2048 He} PAS 
es FS) 512 256 2048 2048 2048 2048 
OY BY! 64 128 2562 1128 2560 2s 
25 4/4 11024 512 

26 6/6 2048 1024 512 512 2048 2048 
Dome 0/70 128 128 128 128 1024 1024 
DAE ok P28) 128 Bib2 Syl 512 256 
2) Cf & 16 8 512 1024 128 128 
3 melale/atoll 32 32 128 64 256. 3128 
Biss tay 5) 256 256 5g 256 256.250 


* P/G = Parity-gravid status. 

+ MB = Maternal blood; CB = Cord blood. 

t Titer expressed as reciprocal of last serum di- 
lution neutralizing virus. 

§ Double ovum twins. 


was admixed with doubling dilutions of serum 
using 2 or 3 tubes per serum dilution per type 
of virus. After incubation at room tempera- 
ture for 1 hour, cells were added, the tubes 
were stoppered and incubated at 36°C. End- 
points were recorded as the last dilution which 
on microscopic examination at 5 to 7 days 
did not show degeneration or cytopathoge- 
nicity. In instances where large differences 
were found between mother serum and the 
corresponding cord serum the titration was 
repeated. For the purposes of this study a 
deviation of 1 twofold dilution was considered 
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to be within the realm of experimental error; 
differences of 4-fold were considered note- 
worthy especially when observed upon repeti- 
tion. Standard monkey antisera of the 3 
serotypest were titrated with each test. The 
type specific viruses were also titrated for 
each test. 


Results. In the accompanying Tables I 
and II are tabulated serum neutralizing anti- 
body titers of the matched maternal and cord 
sera listed in the order of the patient’s polio- 
myelitis vaccination status and the maternal 
age. Table I enumerates those matched pairs 
of sera in which no significant disparities in 
titer (as described under methods) appeared. 
Table II enumerates those instances in which 
differences beyond the realm of experimental 
error were observed. The disparities do not 
appear to be related to maternal age, parity or 
poliomyelitis immunity status of the mother 
nor to the sex, color or birthweight of the 
newborn. 


Two points may be seen in Tables IT and 
III. In all instances where differences are 
noted the maternal serum has a higher titer 
than the corresponding cord serum.  Sec- 
ondly, the largest number of disparities is to 
be found in the antibody to the type 3 polio- 
virus with differences up to 64-fold. Type 2 
antibody disparities appear less frequently. 
In only one instance it is the lone disparity 
(mother MC). Otherwise type 2 disparities 
are accompanied by type 3 differences and 
types 1 and 3 differences (Table III). In 1 
instance (mother GS) the difference between 
maternal and cord serum is 64-fold for type 
2 while only 4-fold for type 3. In 2 cases 
type 1 antibodies are higher in the maternal 
circulation than in the cord serum in the ab- 
sence of antibody differences between these 
sera to the other poliovirus types. In both of 
these cases the disparity is only 4-fold. The 
other instances of a type 1 antibody disparity 
are in the presence of type 2 and 3 differences 
which in one instance (mother MB) are much 
greater for types 2 and 3 (64-fold) than for 
type 1 (16-fold). 

One case is of special interest and may have 


+ Prepared by Dr. Herbert A. Wenner, University 
of Kansas. 
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TABLE II. Antibody Titers vs Polioviruses in Maternal and Corresponding Cord Serums. 


Disparities. 
NN eee 


Type 1 Type 2 Type 3 
Mother Age IR AG: MB CB MB CB MB CB 
No record of poliomyelitis vaccination 
9¢ € y, 4 
CB 14 Wy il 128 128 <4 <4 16 
GS 16 if Il 128 j 256 <4 128 32 
MS* 32 11/12 256 32 8 16 <4 
1 ml of poliomyelitis vaccine 
AF 19 2/ 2 512 51 1024 512 2048 64 
MBt 26 if 1024 1024 16 1024 16 
ANt 28 5/ 5 256 256 512 512 16 <2 
DL 29 4 128 2048 1024 1024 1024 
2 ml of poliomyelitis vaccine 
MP 18 5/ 5 256 128 1024 256 512 128 
RG 22 4/ 4 512 512 128 128 4 0 
JH 22 2/ 2 256 256 512 512 128 32 
CN 27 8/ 8 32 64 8 128 4 
EB 31 6/ 6 256 256 256 64 256 32 
MC 33 aft 64 512 128 128 128 
3 ml of poliomyelitis vaccine 
MG$ 30 5/ 5 512 128 1024 1024 512 512 


For abbreviations see footnotes Table I. 


* 30 wk gestation. 
§ Single-ovum twins. 


clinical significance. In Table II it can be 
seen that mother MB was given 1 ml of polio- 
myelitis vaccine 1 week prior to delivery. 
The significance of the striking differences ob- 
served between maternal and cord serum will 
be covered in the discussion. 

In Table IV are the results obtained with 
sera from 3 sets of twins, 2 sets of which were 
heterozygous (mothers AN and AW) and the 
last uniovular (mother MG). In the AW 
twins antibody titers are approximately the 
same in all 3 specimens against the 3 polio- 
virus types. In the AN family types 1 and 
2 antibodies are in equal titer for all 3 speci- 
mens. For type 3 poliovirus, however, the 
maternal serum antibody is 8-fold higher than 
the cord serums, both of which are the same. 
In the uniovular twins (mother MG) the type 
1 antibodies are of 4-fold lower titer in the 
cord serum of each of the twins than in the 
maternal serum. Antibodies to the other 
poliovirus types are the same for all 3 speci- 
mens. 

Discussion. The reason for the observed 
disparities in titer between maternal and um- 
bilical cord serum is not known, nor for the 
disparity to be more frequent (Table III) for 
types 3, 2, and 1 polio antibody, in that order. 


+ 1 ml vaccine 1 wk before delivery. 


t Double-ovum twins. 


The possible role of a bio-physical explanation 
is suggested by the work of Timasheff(11) 
who utilized electrophoresis convection to par- 
tition the antibodies of type 1 and 2 polio- 
virus; no observations were reported for the 
type 3. He observed human type 2 antibody 
in highest concentration (37-fold) in a slow- 


TABLE III. Tabulation of Observed Titer Dis- 
parities by Serotype of Virus. 


Mother Type l Type 2 Type 3 
DL 4*t 
MGt 4 
MC 4 
RG >4 
AF 32 
JH 4 
CB 4 
ANt >8 
MP 4 4 
EB 4 8 
CN 8 32 
GS 64 4 
MBS 16 64 64 
MS 4 4 >4 


*Tn all instances maternal higher than corres- 
ponding cord serum. 

t Indicates fold difference in titer between ma- 
ternal and cord serums. 

+ Twins—both twins had same titers. 

§ Received 1 ml poliomyelitis vaccine 1 wk prior 
to delivery. 
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TABLE IV. Poliomyelitis Antibody Titers of Maternal and Cord Serums of Twins. 
$< ———_—_—=====LTVTLSELEHEHLL—_—_—____—_—__—__—__—_—_—_“a_— 


Poliovirus antibody 


mlpolio Spee. Sex of rc ~ 

,Mother Age P/G* vaccine source newborn Type of twin Typel Type2 Type3 
AN 28 5/5 1 Mother 256 512 16 
Twin 1 & Double ovum 256 512 <<Go 
eee fe) 128 512 <2 
AW 21 3/3 2 Mother 512 2048 2048 
Twin 1 g Idem 512 2048 2048 
Ee Q 512 1024 2048 
MG 30 5/5 3 Mother 256 1024 256 
Twin 1 fe) Single ovum 64 1024 256 
ie 2 fe) 64 1024 256 

* P/G = Parity-gravid status. 
moving gamma globulin fraction T 1. T 2 several independent mechanisms being in- 


fraction of slightly greater mobility revealed 
a concentration of 17x while the T 3 fraction 
revealed antibody only 5x as active as the 
original serum. On the other hand the type 1 
antibodies revealed maximum concentration 
(43x) in the T 4 gamma globulin fraction of 
intermediate mobility. In the monkey hyper- 
immunized with type 2 live attenuated virus, 
specific antibodies appear principally in a 
slow-migrating 8 globulin fraction rather than 
in the gamma globulin component(11). 

It would appear that the configuration and 
mobility of the several specific types of anti- 
bodies varies in complexity. Our data sug- 
gest that Type 1 antibody was most easily 
transferred from mother to offspring; the fact 
that the Type 1 poliovirus is the poorest an- 
tigen of the three, may be related to its yield- 
ing antibody particles which are smaller and 
less complex, hence easily transferred. Such 
physical factors might explain failure of anti- 
body (hemagglutinins) to the pathogenic E. 
coli being transferred to the human newborn 
while antibody to the non-pathogenic E. coli 
are transferred(12). 

How and when do the various antibodies 
find their way from the maternal circulation 
to that of the newborn? Patient MB (Table 
III) injected with 1 ml of poliomyelitis vac- 
cine (Salk type) had serum titers of 1:1024 
against all 3 types of virus when delivered a 
week later. This apparent booster response in 
her did not affect the infant’s titers, whose 
cord serum revealed 1:64, 1:16 and 1:16 
against types 1, 2, and 3 viruses respectively. 
Brambell’s work(13) raises the question of 


volved in the transfer of antibody from 
mother to offspring. 

It would appear that further investigation 
regarding human neonatal immunity will be 
required in order to clarify when and by 
which mechanisms the transfer of antibody 
occurs. 

Summary. Neutralizing antibody titrations 
for the 3 poliovirus serotypes performed on 
maternal and umbilical cord bloods at 48 de- 
liveries revealed disparities of 4 to 64-fold in 
14 individuals, the maternal titer always be- 
ing higher. Double ovum twins had identical 
titers with each other, though not necessarily 
with their mother. The least frequent dispar- 
ity was for the Type 1 antibody. The possible 
role of physical factors affecting the transfer 
of the different serotype antibody molecules 
is discussed. 
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Effect of Aureomycin on Hepatic Utilization of Labeled Body Fat in Rats.* 
(23475) 


James E. ANDERSONt AND JoHN G. ConrcLio (Introduced by Frank R. Blood) 
Departinent of Biochemistry, Vanderbilt University School of Medicine, Nashville, Tenn. 


Rats fed Aureomycin and given a tracer 
dose of CH3;C“OONa orally or parenterally 
24 hours later have more C™ incorporated in 
hepatic fatty acids than control rats not 
treated with the antibiotic(1). In order to 
investigate the mechanism responsible for the 
increased radioactivity, we have studied the 
effect of administration of Aureomycin on 
mobilization of labeled body fat to the liver 
and on its subsequent accumulation in this 
organ. As part of this investigation we have 
made a 4-day balance study of orally admin- 
istered C!*-tripalmitin in normal rats. 

Materials and methods. Adult, male 
Sprague-Dawley rats were paired by weight 
and kept on Purina Laboratory Chow ad 
libitum. In order to label the body fat, a 
daily dose of 25 mg of carboxyl-labeled C1- 
tripalmitin, contained in 1 ml of olive oil, 
was fed by stomach tube to each rat for 4 
days. During this period and the subsequent 
day food was allowed ad libitum. The radio- 
active tripalmitin was not fed on the fifth day 
so that disappearance of absorbed labeled fat 
from the blood stream would be complete. 
On the sixth day 5 mg of Aureomycin (Led- 
erle) were given by stomach tube to a mem- 
ber of each pair of rats. After administration 
of antibiotic the rats were fasted 24 hours and 
killed by decapitation. Control rats were 
treated similarly except that water was given 
instead of Aureomycin. Feces excreted dur- 
ing the first 5 days were pooled for each rat. 


* This paper is based on work performed partly 
under contract with U. S. Atomic Energy Com. 

+t Work done while on a medical student research 
fellowship from National Fn. for Infantile Paralysis. 


Fecal samples of the sixth day were combined 
with the contents of the gastrointestinal tract 
of each animal. Immediately after decapita- 
tion of the animals the organs and tissues to 
be analyzed were placed in alcoholic KOH. 
After digestion and saponification of the sam- 
ples chemical and radioactivity determina- 
tions of total fatty acids were made by pro- 
cedures described previously (2). 


Results. The livers of rats treated with 
Aureomycin contained fatty acids in amounts 
similar to those in the control group. The 
specific activity and total activity of the he- 
patic fatty acids of both groups also were 
similar. These data are given in Table I in 
the form of an average and standard devia- 
tion for each of the 2 groups. Examination 
of the data on the basis of each pair of rats 
also proved that there was no consistent sig- 
nificant difference between experimental and 
control animals. 

In a similar manner, analyses of fatty acids 
of other tissues revealed no significant differ- 
ences in amount or radioactivity between the 
2 groups. Carcass total fatty acids of anti- 
biotic-treated animals contained 32.5% (S.D. 
= 3.9) of the absorbed activity; those of 
controls contained 31.3% (S.D.= 5.8). Re- 
sults of analyses of intestinal fatty acids were 
more variable and ranged from 0.78 to 2.04% 
of the absorbed activity in the experimental 
group and from 0.81 to 1.60% in the control 
group. 

A 4-day balance period in all rats before 
administration of antibiotic resulted in an 
average absorption value of 88.1% (S.D.= 
3.2) of the tripalmitin fed. 
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TABLE I, Amount and Radioactivity of Hepatic Fatty Acids of Aureomycin-Treated and 


Control Rats. 


eect 


Experimental Controls 
Stand. Stand. 
Avg dey. Avg dev. 
Wt of liver (g) 7.45 95 7.18 1.18 
Total fatty acids 
% of wet wt of liver 3.75 96 3.68 50 
Specific activity (epm/mg fatty acid) 26.52 5.32 23.55 4.32 
Total activity (total epm/liver) 7130 1400 6120 1300 
Total activity (% of total body counts X 100) 25.3 3. 22.8 5.1 


All except one pair of animals showed a net 
loss in weight, ranging from 13 to 27 g, dur- 
ing the experimental period. This was due 
largely to the 24-hour fasting period immedi- 
ately prior to sacrifice. 

Discussion. No excessive amount of fat 
had accumulated in the rats given Aureomy- 
cin and killed after a 24-hour fast. This 
problem is of interest in view of conflicting 
reports on effects of antibiotics on liver lipids 
(3-5). Aureomycin was observed to cause 
reversible fatty metamorphosis in the liver of 
man(6) and to be antilipotropic in rats over 
a period of 15 days(7), but it was reported 
by Gyorgy et al.(8) to exert lipotropic action 
in rats maintained on choline-deficient diets 
for relatively long periods of time. Since our 
animals received only one dose of Aureomy- 
cin and lived only 24 hours after administra- 
tion of the drug, gross changes in liver lipids 
would not be expected. However, experiments 
reported previously(1) demonstrated  in- 
creased amounts of C' in liver fatty acids of 
rats given Aureomycin and fed a tracer dose 
of C'-sodium acetate 24 hours later. These 
findings cannot be explained in terms of in- 
creased mobilization to the liver or decreased 
utilization by the liver since, in the present 
experiments, similar C'™ activity was found 
in hepatic fatty acids of both experimental 
and control rats, the body fat of which had 
been labeled previously with C1*-tripalmitin. 
That excessive mobilization from carcass 
stores of fat had not occurred is indicated also 
by the observation that carcass total fatty 
acids of both groups had similar amounts of 
C'* activity. Because of the large amount 
of C™ in the carcass compared to liver, it is 
possible that this measurement lacked the 


sensitivity required to detect a significant dif- 
ference between the 2 groups. Our results 
are in accord with the hypothesis that the 
observed immediate effect of Aureomycin is 
on lipogenesis. 

The 4-day fat balance study showed that 
from 7 to 19% of the activity fed was recov- 
ered in the feces and intestinal contents, in- 
dicating satisfactory absorption in the pres- 
ence of a relatively large amount (1 ml) of 
oil administered. Our results agree with 
those of Hoagland and Snider(9) who ob- 
served that about 15% of the tripalmitin fed 
in 5 or 10% solution in olive oil was excreted. 
Values of absorption ranging from 57 to 92% 
for labeled triolein were reported by Berg- 
strom et al.(10) in 24-hour experiments in 
rats given one dose of the radioactive oil. 
Bergstrom and co-workers(11) also reported 
that stearic acid transesterified with corn oil 
was absorbed to the extent of 95% of the 
amount fed. 

Of the radioactivity absorbed only from 
20 to 40% was found in the combined tissues 
analyzed. Since these included the entire 
body except the head, 60 to 80% of the ac- 
tivity absorbed had disappeared from the 
body fat through metabolic conversion to COs 
and other compounds. 

Summary. Administration of 5 mg Aureo- 
mycin to rats, the body fat of which had been 
labeled previously with C'*-tripalmitin did 
not result in accumulation of excessive Cl 
activity in hepatic fatty acids. The amount 
and radioactivity of total fatty acids of car- 
cass and of intestine were likewise similar in 
experimental and control animals. These find- 
ings are discussed in relation to the observa- 
tion that Aureomycin causes an increase in 
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incorporation of C!-acetate into hepatic fatty 
acids of rats. A 4-day metabolic balance 
study showed that from 81 to 93% of the fed 
tripalmitin was absorbed. 
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Studies on Variation in Virulence of Poliomyelitis Virus II. Role of Host 


Cells and Their Maintenance Medium. 


(23476) 


Caras 
Laboratory of Viral Products, Division of Biologics Standards, National Institutes of Health,* 
Bethesda, Md. 


In developing strains of avirulent viruses 
which are satisfactory for immunization, it is 
important to find out whether there are any 
environmental factors which can affect the 
viral virulence. In a previous paper(1) a 
mouse avirulent variant, (now designated as 
LH-a), isolated from the mouse adapted Type 
III poliovirus was reported. On _ further 
study, this avirulent variant again yielded a 
virulent progeny, (designated as LH-v). 
These 2 variants served as testing tools and 
with them the effect of various factors on viral 
virulence was studied and the results are here 
reported. 

Materials and methods. Tissue culture. 
Primary cultures of trypsinized monkey kid- 
ney cells were obtained from a commercial 
source, or prepared according to the method 
described by Dulbecco and Vogt(2) and 
modified by Youngner(3). These cells were 
grown in 199 medium with 2% calf serum or 
in Melnick’s medium(4) consisting of 0.5% 
lactalbumin hydrolysate in Hanks’ balanced 


*U.S. Department of Health, Education, and Wel- 
fare, Public Health Service. 


t Microbiological Associates, Inc., Bethesda, Md. 


salt solution with 2% calf serum. After grow- 
ing for about a week, when a complete sheet 
of cells was formed, the medium was poured 
off, the cells were washed and fresh medium 
was added. Such cultures 8 to 15 days old 
were ready for use in titration, neutralization 
or passage experiments. 


Serial passage cultures of HeLa cells grown 
in Eagle’s basal medium with 20% human 
serum were supplied commercially.t 


All quantitation of the virus in the various 
harvests was carried out in monkey kidney 
tissue culture in roller tubes containing lactal- 
bumin hydrolysate medium with 2% calf se- 
rum. Serial 1 log or half log dilutions of the 
virus were made in neutral Hanks’ balanced 
salt solution and 5 or 6 tubes each containing 
1.8 ml of medium, were inoculated with 0.2 
ml of each of at least 4 dilutions. The tubes 
were incubated for 7 to 8 days. The tubes 
were observed microscopically every 2 or 3 
days, and the ID;) was determined by the 
Reed and Muench method. 

Media. Eagle’s basal medium was pre- 
pared according to a recently modified for- 
mula(5,6). Medium 199 was purchased in 
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the concentrated form+ or prepared by our 
own media room according to the procedure 
used by Youngner(3). Lactalbumin hydroly- 
sate medium and Medium E (1 part of bovine 
plasma hydrolysate and 3 parts of Hank- 
Simms solution)(7) which contained no se- 
rum were prepared in this laboratory. Calf 
serum used in the preparation of all the 
media was supplied commercially.) Every 
lot of the serum was shown to be free of anti- 
bodies or inhibitors against polioviruses be- 
fore use. For comparison of different media 
or factors in the same experiment the same 
lot of serum was used. 

Assay of effects of various factors on viral 
virulence. The effect of various factors in- 
cluding cells and media on virulence of the 
virus was tested in the following way: Con- 
secutive passage of the testing virus, LH-a 
or LH-v was carried out in duplicate. Each 
set contained 5 to 8 tissue culture tubes, in- 
cluding controls without virus inoculation. 
The same lot of cells was used in each experi- 
ment and all the sets were transferred at the 
same time. From 4 to 10 or more passages 
were found necessary before loss or gain of 
virulence of the virus could be clearly demon- 
strated. 

Selected monkey kidney tissue culture 
tubes were washed twice with the testing me- 
dia after removal of the original media and 
then incubated for 24 to 72 hours in the test- 
ing media. The testing media were again 
changed immediately before virus inoculation. 
All the media were adjusted to the desired 
pH, 7.4-7.5, by adding diluted sodium bicar- 
bonate solution unless mentioned otherwise. 
Then 0.2 ml of the undiluted virus in tissue 
culture fluid was inoculated into each tube 
containing 1.8 ml of the medium. After virus 
inoculation the pH of each tube was deter- 
mined every day. Usually after incubation 
for 24 hours the pH dropped from 7.4-7.5 to 
7.1-7.3 regardless of the medium used. Rarely 
did the pH drop below 7.0 and then it was 
brought up to 7.1-7.2. 

The tissue culture fluid was harvested when 
the cellular degeneration became 4-+, but 


t Parke, Davis and Co., Detroit, Mich. 
§ Merck, Shanpe & Dohme, Philadelphia, Pa. 
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never before the 4th day. The harvested 
virus was then stored and used as inoculum 
for the next passage. Selected specimens were 
tested in mice and titrated in tissue culture. 


Virus. The LH-a virus as reported previ- 
ously(1) was derived from the 72nd mouse 
cord passage of type III poliovirus and passed 
in the monkey kidney testicular tissue culture 
in Medium E for 15 passages followed by 4 
passages in monkey kidney tissue culture in 
the same medium. The fluid was centrifuged 
and filtered through an ultra-fine sintered 
glass filter and stored in small amounts as 
stock virus at -50°C. The LH-v virus was 
prepared and stored in the same way except 
Medium 199 was used. The specificity of 
both viruses was repeatedly checked by neu- 
tralization tests with type III immune serum 
obtained from the National Foundation for In- 
fantile Paralysis and also with immune rab- 
bit serum prepared by us against the Saukett 
strain. 

Mice. Assay of viral virulence was made 
by inoculating 0.02 ml of the undiluted and 
10-fold dilutions of the virus in buffered sa- 
line solution into 10 to 12 Swiss mice, 4 to 5 
weeks old. All inoculations were made intra- 
spinally using a technic described by Habel 
and Li(8). Inoculated mice were observed 
for paralysis and death for 2 weeks. The 
brains and cords of several paralyzed mice 
were studied histopathologically and_polio- 
myelitis type of lesions was found. 


Experimental. During the course of our 
studies with attenuated poliomyelitis viruses, 
it was realized that in order to maintain the 
attenuated character of the variant, it would 
probably be necessary to maintain the virus 
under standard culture conditions. However, 
the striking effect of the medium on the viru- 
lence of the LH-a virus was discovered by ac- 
cident. The mouse avirulent LH-a virus was 
brought from the virus laboratory in Mont- 
gomery to the Nat. Inst. of Health, Washing- 
ton, D.C. in 1955. The virus was then seri- 
ally passed in tissue culture and inoculated 
intraspinally into mice. Unexpectedly, some 
of the mice became paralyzed. At first it was 
thought that this effect was due to the differ- 
ence in the strains of the mice used but the 
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CHART 1. Effect of Maintenance Medium | of 
Monkey Kidney Tissue Culture on Mouse Viru- 
lence of LH—a Virus. 
a 
LH-a 

M15 K4 = Mi *4.5) ql/720 


Passed in Med. E Passed in Med. 199 
K5 K5 
t 
5.0 0/9 5.0 6/9 
K10—M 4.0 0/10 K10—M 4.0 2/10 
3.0 0/10 3.0 0/10 
5.2 0/10 Be) (o/ANO) 
K12—M 4.2 0/10 K12—M 4.2 3/9 
3.2 0/10 3.2 0/10 
5-8) Al eh, TANG) 
K15—M 4.8 0/10 K15—M. 4.2 4/10 
3.8 0/10 Be O/ LO 


LH-a LH-v 


Key: 
T — Monkey testicular tissue culture passage. 
Ik == 4 kidney A Hs se 
M = Mice inoculated intraspinally. 


*No. of TCID;, (log 10) in .02 ml fluid inocu- 
lated into a mouse. 
t No. of mice paralyzed over No. inoculated. 


assumption turned out to be incorrect. The 
other possible explanation was that Medium 
E was used for tissue culture in Montgomery 
while Medium 199 was used in Washington. 
In order to test the effect of the medium on 
the virulence of the virus, Exp. I was set up 
which led to a number of experiments, a few 
examples of which are described below: 

Exp. I. Comparison of Medium E and 
Medium 199. The LH-a virus, T15K4 pas- 
sage was inoculated into 2 sets of monkey 
kidney tissue culture tubes. In one set Me- 
dium E was used while in the other, 199 me- 
dium with 2% calf serum was used. Both 
media were adjusted to the same pH, 7.4-7.5. 
Comparable tissue culture fluids of both sets 
were titrated in mice and in tissue culture. 
As shown in Chart I the virus from the Me- 
dium E set was avirulent for mice, even 10°” 
TCIDs5 9 virus (K12) did not paralyze the in- 
oculated mice. Virus from Medium 199, how- 
ever, was virulent for mice; even 1032 
TCIDs59 virus (K15) paralyzed some of the 
inoculated mice. This mouse virulent variant 
was designated as LH-v and was used as a 


in monkeys. 
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testing virus for further experiments. The 
passages were carried further than that indi- 
cated in Chart I and were also repeated many 
times and similar results were obtained, ex- 
cept that there was slight variation in the ef- 
fect of 199 media from different sources. It 
was also shown by further experiments that 
the presence or absence of calf serum in the 
medium made no significant difference. 


Exp. II. Effect of the pH of medium. Dul- 
becco, Vogt and Sabin(9) discovered a dis- 
tinct relationship between neurotropism for 
the monkey and plating efficiency of polio- 
virus. We could confirm the effect of the pH 
of the medium on virulence of the virus but 
the effect was not in the same direction as 
shown by these authors, possibly because we 
were testing virulence in mice rather than 
One of the experiments along 
this line was carried out as follows: The 
virus LH-a, T15K5 passage was inocu- 
lated into 2 sets of monkey kidney tissue 
culture tubes. Medium E was used for 
both sets but in one set the pH was adjusted 
to 7.0, in the other to 8.0. Both sets were 
transferred for 5 passages and the tissue cul- 
ture fluid from the third (K9) and the fifth 
(K11) passage were titrated in tissue culture 
and in mice. The virus from the set with a 
high pH (8.0) was virulent for mice while the 
virus from the other set was avirulent (Chart 
2). Obviously, in order to test the effect of 
a given medium in comparison with another, 
the pH of both media must be kept constant. 


Exp. III. Comparison of Eagle’s, 199 and 
Lactalbumin Media. In this experiment the 
LH-a virus, T15K5, was inoculated into 3 
sets of monkey kidney tissue cultures fed with 
lactalbumin hydrolysate medium, 199 me- 
dium, and Eagle’s basal medium respectively. 
The purpose of this experiment was to find 
out whether there were any media other than 
Medium 199 which would restore the viru- 
lence of the virus. As shown in Chart 3, in 
the Eagle’s basal medium, the virus became 
highly virulent after 4 passages. In the 199 
medium it took 6 passages for the virus to 
become virulent. In the lactalbumin hydroly- 
sate medium the virus remained avirulent 
after 6 passages. This experiment demon- 
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CHART 2. Effect of pH of Medium of Tissue 
Culture on Mouse Virulence of LH—a Virus. 
LH-a 


TI5K5—M *5.2 +0/10 
| 


K6 
| 
Med. E pH 7.0 Med. E pH 8.0 
K7 K7 
K9—M 5.5 1/10 K9—M 5.5 3/10 
4.5 0/10 4.5 1/10 
K11—M 5.4 0/10 K11—M 4.9 7/10 
4.4 0/10 3.9 1/110 
Key: 
T = Monkey testicular tissue culture passage. 
Ke y kidney f i i 
M = Mice inoculated intraspinally. 
* No. of TCID;, (log 10) in .02 ml fluid inocu- 


lated into a mouse. 
+t No. of mice paralyzed over No. inoculated. 


strated that both the Eagle basal medium and 
199 medium belonged to the virulence en- 
hancing group but the former was more ef- 
fective. The lactalbumin medium behaved 
like Medium E. 

Exp. IV. Reversibility of LH-v Virus. In 
the foregoing experiments, it was demon- 
strated that the virulence of the LH-a virus 
could be restored by passages in monkey kid- 
ney tissue culture fed with Medium 199 or 
Eagle’s basal medium, yielding the mouse 
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virulent variant LH-v. An experiment was 
conducted to ascertain whether the virulence 
of the LH-v virus could again be reduced or 
nullified by changing the medium. The LH-v 
virus, taken from T15K14 passage in 199 
medium (Chart 1) was inoculated into 3 sets 
of monkey kidney tissue culture tubes over- 
laid with Medium E, Medium 199 and lactal- 
bumin medium respectively, (Chart 4). Five 
serial passages were carried out and compar- 
able fluids from each group were titrated in 
tissue culture and in mice. As shown in Chart 
4, the virus became avirulent after 5 passages 
in Medium E and lactalbumin medium but 
remained virulent in Medium 199. 


Exp. V. Comparison of different cells in the 
same medium. It was shown previously (1) 
that the change in virulence was related to 
the kind of host cells in which the virus was 
propagated. This relationship was confirmed 
in the present study and an illustrative exam- 
ple is given below: The LH-v virus from K15 
passage (Chart 1) was inoculated into 3 sets 
of tissue culture tubes. In Set 1, HeLa cells 
were used, while in Set 2 monkey kidney cells 
were used, but in both sets the cells were over- 
laid with the same 199 medium with 2% calf 
serum. In Set 3, the same monkey kidney 
cells were used but they were overlaid with 
Medium E. All the media were adjusted to 
pH 7.5. Five serial passages in the respective 


CHART 3. Comparison of Effect of Eagle’s Basal Medium, 199 Medium and Lactalbumin 
Medium of Tissue Culture on Mouse Virulence of LH—a Virus. 
LH-a 
TI5K5—M *5.2 t+ 0/10 
: i | 
Lacta 199 Kagle’s 
| 
K6 K6 K6 
= t 
K9—M 5.5 1/10 K9—M 5.0 1/10 K9—M 5.3 9/10 
4.5 2/10 4.0 2/10 4.3 2/10 
K11—M 5.5 0/10 K11—M 5.6 3/9 
4.5 0/10 4.6 4/10 
3.5 0/10 3.6 0/9 
Key: 


T — Monkey testicular tissue culture passage. 


K = Monkey kidney tissue culture passage. 


M — Mice inoculated intraspinally. Lacta = Lactalbumin medium, 199 = 199 medium. Eagle’s 


— Eagle’s basal medium. 


* No. of TCID., (log 10) in .02 ml fluid inoculated into a mouse. 


+ No. of mice paralyzed over No. inoculated. 
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CHART 4. Reversibility of Mouse Virulence of LH—v Virus Passed in Tissue Culture. 


LH-v 
eS t 
Sy YANG 
TI5KI2Z—ME- 4.2 37/9 
| Be OVARY 
K14 
Lacta 199 Med. E 
! 
K15 K15 K15 
* + t 
Ki8—M 5.2 3/11 K1i8—M 5.0 9/10 KI8—M 5.5 2710 
AN aemly/ lol AN) AND) | 45 0/9 
3.2 0/9 3.0 1/10 So O/AO 
+ 
+ 
K20—M 5.2 0/10 K19—M 5.2 6/10 K20—M 5.6 0/10 
ALO WAIN) 4.2 6/9 46 0/8 
Seo O: 3.2 0/10 3.6 0/9 


Key: 


T = Monkey testicular tissue culture passage. 


K = Monkey kidney tissue culture passage. 


M = Mice inoculated intraspinally. Lacta = Lactalbumin medium. 199 = 199 medium. 
* No. of TCID;, (log 10) in .02 ml fluid inoculated into a mouse. 


+ No. of mice paralyzed over No. inoculated. 


{ K19 was not as virulent as K10 as a different preparation of 199 medium from a different 


source was used for K19. 


media were carried out, and the harvests from 
the last 2 passages of each set were titrated in 
tissue culture and in mice. 

In the same host cell (monkey kidney) the 
virus lost its virulence in Medium E but re- 
tained its virulence in Medium 199 (Chart 5). 
This was the usual finding, as shown in Exp. 
4. The striking result was that the virus lost 
its virulence completely in the HeLa cell cul- 
ture but retained its virulence in monkey kid- 
ney cell culture although the cells in both sets 
were overlaid with the same medium at the 
same pH. 

Discussion. In studying the effect of vari- 
ous factors on the mouse virulence of the type 
III poliovirus, it was advantageous to have 
a strain of readily variable virus so that any 
slight effect of the testing material on the 
virulence could be demonstrated. It was also 
necessary to have two variants; one mouse 
virulent for testing virulence reducing factors 
and the other mouse avirulent for testing viru- 
lence enhancing factors. The availability of 
both of these variants (LH-a and LH-v) 
made this study possible. However, neither 
variant had been purified, i.e., both repre- 
sented mixed populations of virulent and 


avirulent particles, but in the LH-a variant 
there were more avirulent particles than viru- 
lent particles and the reverse was true for the 
LH-v variant. Further work indicated that 
purified variants isolated by terminal dilu- 
tion and the plaque method were less readily 
variable so they were not good testing tools. 
On the other hand they could still be made 
virulent or avirulent by the same measures 
used in the present study except that it took 
more serial passages to accomplish the task 
CLONs 

In this connection it must be mentioned 
that continuous passages of the LH-a variant 
in the virulence reducing system seemed to 
stabilize the avirulent character of this variant 
for it took many more passages in a virulence 
enhancing medium to restore its virulence. 
Continuous passages of the LH-v variant in 
the virulence enhancing medium would also 
make it more virulent and less readily revers- 
ible, (e.g., in Medium 199, K15 was more 
virulent than K12, as shown in Chart 1). 

Summary. A method of testing the effect of 
various factors on the mouse virulence of the 
type III poliovirus was described. Variants 
of the virus which could be made virulent or 
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CHART 5. 
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Comparison of Mouse Virulence of LH-v Virus Passed in Different Host Cells 
Maintained in Medium 199. 


_ 


OOOO 


LH-yv 
: T15 K12 
K13 
ei 
KI15—M 5.2 7/10 
4.2 4/10 
Seon ey ALO) 
199 IS) Med. E 
H1 K16 K16 
ree: 
H5—M 5.5 0/7 K19—M 5.5 8/10 KI9—M 5.5 0/10 
4.5 0/10 4.5 4/10 4.5 1/10 
3.5 0/9 3.5 0/10 3.5 0/10 
H6—M 5.4 0/10 K20—M 5.0 8/10 K20—M 5.0 2/10 
4.4 0/5 4.0 3/11 4.0 O/11 
3.4 0/10 3.0 0/11 3.0 0/10 


Key: 


T = Monkey testicular tissue culture passage. 


K = Monkey kidney tissue culture passage. 


H = Hela cell tissue culture passage. M = Mice inoculated intraspinally. 199 — 199 medium. 
* No. of TCID; (log 10) in .02 ml fluid inoculated into a mouse. 


t No. of mice paralyzed over No. inoculated. 


avirulent were isolated. The virus was desig- 
nated as LH-v in its virulent phase and LH-a 
in its avirulent phase. Using these variants 
as testing tools, 3 factors affecting the viral 
virulence were found; namely, the host cell, 
the maintenance medium, and the pH of the 
medium. These factors were classified into 2 
categories, namely the virulence reducing 
group and the virulence enhancing group. 
When tested with monkey kidney cell cultures 
in the pH range 7.0-7.5, Eagle’s basal medium 
and 199 medium belonged to the virulence 
enhancing group while Medium E (bovine 
plasma hydrolysate) and lactalbumin hydroly- 
sate medium belonged to the virulence reduc- 
ing group. When tested in Medium 199 at 
pH 7.0-7.5 monkey kidney cells enhanced the 
viral virulence while HeLa cells behaved in 
the opposite way. 


The author wishes to express his thanks to Dr. 
Ruth Kirschstein of this laboratory who kindly made 


the histopathological studies and also to Mr. E. C. 
Martino whose energetic efforts carried the load of 
technical procedures. 
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Serum Co Vitamin B,. Binding Capacity in Some Hematologic 


Disorders. 


FT K 23477) 


Lro M. Mever, Ropert W. BERTCHER AND EUGENE P. CRONKITE 
Department of Laboratories, South Nassau Communities Hospital, Oceanside, N. Y., and the 
Medical Department, Brookhaven National Laboratory, Upton, N. Y. 


In normal human subjects, vit. By2 is 
bound to serum protein, probably alpha 
globulin(1). The serum of these individuals 
has an additional capacity to bind vit. By» 
which can be estimated in vitro using the ra- 
dioactive vitamin(2). By microbiological as- 
say, both serum content and binding capacity 
have been found elevated in chronic myelocy- 
tic leukemia, and some cases of polycythemia 
vera and acute leukemia(3,4). In the pres- 
ent study, the unsaturated binding capacity 
of serum has been measured in some hemato- 
logical disorders using Co®® vit. Bio by a 
method recently reported from this laboratory 
CAN 

Method. Co®® vit. By. having a specific 
activity of 968 wc/mg was used. To 1 ml ali- 
quots of serum in a Visking bag were added 
152.550, 10,255,500, or 100 meet thesradio- 
active vitamin. After incubating 2 hours at 
room temperature, the mixture was subjected 
to exhaustive dialysis in cold, running tap 
water for 48 hours. ‘‘Bound” vit. By. was 
then measured in terms of residual radioac- 
tivity. 

Results. Normals. A range of unsaturated 
binding capacity was derived from studies on 
6 normal adults. This was similar to, but 
generally lower than the binding capacity in 
normal subjects previously reported(2). In 
the present inquiry, a single fresh batch of 
Co® vit. Biz was used, while originally the 
material used was several years old. 

Chronic myelocytic leukemia. Sera from 
14 patients were examined. Ten showed un- 
equivocal elevation of vit. By binding ca- 


* Co60 Vit. B,. was supplied by Merck and Co., 
Rahway, N. J. 

t A preliminary abstract was published in Clin. Re- 
search Proc., 1957, v5, 143. 

Partly supported by U. S. Atomic Energy Com- 
mission. 

Presented at annual meeting of Society for Nuclear 
Medicine, Oklahoma City, June 21, 1957. 


pacity, 2 were borderline, and 2 fell into the 
normal range (Table I). Of the ten, 3 showed 
marked and 7 moderate elevation (Fig. 1a, b). 

Using the binding capacity of 1 ml of serum 
for 25 myg of vit. By. as a reference point, 
the correlation was fair with total leukocyte 
count, and less good with the absolute myelo- 
cyte-myeloblast count (Fig. Ic, d). 

Two patients were studied before and after 
chemotherapy. In patient K, when hemato- 
logical and clinical remission ensued, Co®? 
vit. By. binding fell to the normal range. 
When partial remission occurred in patient S, 
the binding capacity was insignificantly re- 
duced (Fig. 2a). Two patients, C and F, who 
showed normal binding capacity were in clini- 
cal remission, although the former still had a 
leukocyte count elevated to 41,000/cmm. 

Patient J was studied terminally at which 
time he showed morphological evidence of 
acute disease. His serum had the highest vit. 
Bj binding capacity in this survey. 

Chronic lymphocytic leukemia. Previous 
reports indicated no significant increase in se- 
rum content of vit. By. in this disease(3,4). 
Of 6 patients studied, serum of one showed 
moderate, and 2 slight increase in vit. By» 
binding capacity. The other 3 were in the 
normal range (Fig. 2b). The binding ca- 
pacity when abnormal was less elevated than 
in myelocytic leukemia. Correlation between 
binding capacity of 1 ml of serum at the 10 
myg level and total leukocyte count was poor. 

Acute leukemia. Eight adults in relapse 
were studied. In 7 the cell type was identi- 
fied as myeloblastic. Two sera showed an in- 
creased vit. By. binding capacity (Fig. 2c). 
In patient McC the course was subacute, of 
one year’s duration. One person who had 
acute stem cell leukemia showed a normal 
serum binding capacity. Polycythemia vera. 
Two patients were studied. One showed mild 
elevation of serum binding capacity for vit. 
By. while the other was within the normal 
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TABLE I. Co®Vit. B,, Binding Capacity of Serum in Chronic Myelocytic Leukemia. 


mug CoB,» Total Total 
bound at leukocytes myelocytes- 
Patient 25mug/ml Current therapy per mm® myeloblasts 
Normal avg + 3.51 
28.D. 

1p 6.95 Prednisone 18,900 764 
K (pre-therapy ) 12.40 6 M-P 117,000 24,570 
K (post-therapy ) 3.45 6 M-P 5,050 101 
Me 3.78 Myleran 73,000 14,600 
Mu 4.78 a 22,400 1,568 
Cc 3.10 a 41,000 1,640 
M 5.15 a 39,000 3,540 
Pa 3.80 None 21,000 6,930 
Wi 4.40 y; 376,000 92,120 
F 2.68 2 11,650 0 
Ma 5.60 Myleran 87,000 31,500 
S (pre-therapy) 11.83 2 95,000 17,100 
S (post-therapy) 10.08 at 47,000 5,640 
R 4.23 None 16,500 165 
Po 7.40 6 M-P 30,000 3,600 
J 20.25 None 73,000 38,690 


range. The patient with elevated binding ca- 
pacity had a persistent leukocytosis of 15- 
25,000/cmm, while the other patient’s leuko- 


nicious anemia. Serum binding capacity 
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FIG. 1. 


(a) Binding capacity for Co vit. By. of sera from 10 patients with chronie 
kemia. Shaded area represents normal avg binding capacity + 2 8.D. 

(b) Serum binding capacity for Co® vit. B,, in 3 cases of chronic myelocytic leukemia show- 
ing the greatest elevation. Avg of binding capacity in 7 other patients is shown. 

(c) Correlation of serum binding capacity for Co” vit. By, in chronie myelocytic leukemia 
with total leukocyte count. 

(ad) Correlation of serum binding capacity for Co” vit. By, in chronic myelocytic leukemia 
with absolute myeloblast-myelocyte count. 


myelocytic leu- 
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cyte count remained about 10,000/cmm. Per- 


for 


vit. Bis of 3 patients in relapse was normal. 
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(b) Serum binding capacity for Co vit. By, in 3 


fe} 
T 


@ 


SERUM Co°® By. BINDING CAPACITY 


T 
ACUTE LEUKEMIA 


n 


6 


o 


+ 


nm 


Mug Co®VITAMIN B,. BOUND/m| SERUM 
on 


d 


(a) Serum binding eapacity for Co® vit. By in chronic myelocytic leukemia before and after 
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cases of chronic lymphocytic leukemia 


showing an elevation. Avg of 3 cases falling within normal range is shown. 

(ec) Serum binding capacity for Co” vit. B,. in 2 cases of acute leukemia showing an eleva- 
tion and 5 eases (avg) falling within normal range. 

(d) Serum binding capacity for Co™ vit. By. in 2 cases of idiopathic neutropenia. 


Leukopenia. Two adults with chronic, idio- 
pathic neutropenia were studied. The bone 
marrow of each was normal. Each exhibited 
abnormally elevated serum binding capacity 
for vit. Byo (Fig. 2d). It will be noted that 
the pattern of binding of patient O resembles 
that seen in chronic myelocytic leukemia. In 
patient S, the abnormal binding is manifest 
only when the larger amounts of vit. Bys are 
used. 

Discussion. Several observers, using micro- 
biological estimation, have noted an increased 
binding capacity for vit. By. in sera of pa- 
tients with chronic and acute myelocytic leu- 
kemia(3,5). Others, employing radioactive 
vitamin, have noted a decreased rate of its 
plasma clearance in chronic myelocytic leu- 
kemia(6,7). This may be considered an 
equivalent in vivo phenomenon, because with 
increased binding capacity a larger part of 
the administered vitamin is bound to serum 
protein and consequently lost from plasma 
more slowly than in normals. In general, the 
‘n vitro or in vivo abnormality showed a 


mildly positive or no relationship with total 
leukocyte count and severity of disease. These 
findings are in harmony with the results of 
the present study. We have also confirmed 
(though in one case only) the increased bind- 
ing capacity which may be present in polycy- 
themia vera. 

Inspection of the graph (Fig. 1 a, b) of 
vit. By. binding in patients with chronic mye- 
locytic leukemia shows a rapidly ascending 
essentially straight segment followed by a 
portion which parallels the normal. This 
suggests a specific binding mechanism which 
becomes saturated, following which non-speci- 
fic binding—as in normals—becomes evident. 
If the straight portions of the ascending and 
horizontal limbs of the graphs were extended 
to an intersecting point, this point might be a 
measure of total binding capacity. We have 
arbitrarily used the amount of vitamin bound 
when 10 or 25 mug were added per ml serum 
for correlation with leukocyte count. 

Because previous investigation had shown 
increased serum binding capacity for vit. By» 
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only in those hematological disorders char- 
acterized by increased granulopoiesis, Mollin 
(3) proposed that disintegrating granulocytes 
might be the source of an increased binding 
substance in the serum. He was able to dem- 
onstrate this im vitro by mechanically injur- 
ing granulocytes. In the present report, we 
have shown that the serum of patients with 
chronic lymphocytic leukemia and idiopathic 
granulocytopenia may have an_ increased 
binding capacity for vit. Bis. This suggests 
an alternative source for binding substance. 
However, if the rate of granulocyte produc- 
tion were masked by an excessive rate of de- 
struction, these cells might represent the 
source of binding substance in all instances. 
Leukocyte agglutinins, which have been re- 
ported to be only infrequently present in 
chronic lymphocytic leukemia and idiopathic 
neutropenia(8), were not sought in these 
cases. 

Other investigators have noted serum con- 
tent of vit. Bis to be elevated always in 
chronic myelocytic leukemia, even during re- 
mission(3,4,7). Our method does not permit 
accurate measurement of less than 1 myg of 
vitamin. With this reservation, 2 of our pa- 
tients with this disease showed normal, 2 bor- 
derline elevation of vit. B;2 binding capacity. 
All 4 were under treatment and in various de- 
grees of clinical and hematological remission. 
A fifth patient’s serum fell to normal in bind- 
ing capacity following treatment. Patient W, 
who had received no specific therapy and who 
had the highest leukocyte count in this study, 
showed only a moderate elevation of binding 
capacity. However, she had been treated 
with parenteral vit. By2 for several months 
before she came to our attention. This may 
have saturated her binding capacity, as Mol- 
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lin has shown(3),-thus accounting for the 
relatively small degree of unsaturation dem- 
onstrated. 


The findings in acute myelocytic leukemia 
are in accord with previous demonstrations 
that serum content of and binding capacity 
for vit. By. in this disease may be elevated, 
though usually to a lower level than in the 
chronic form of the disease. 


Summary and conclusions. 1. A survey of 
in vitro Co® vit. Biz binding capacity of se- 
rum from patients with various hematological 
diseases is presented. Results are compared 
with previous studies employing microbiologi- 
cal assay and with measurements of serum 
content as well as binding capacity for the 
vitamin. 2. These data confirm earlier find- 
ings of elevated binding capacity in acute and 
chronic myelocytic leukemia and in polycy- 
themia vera. 3. An increased binding ca- 
pacity in some cases of chronic lymphocytic 
leukemia and idiopathic neutropenia is noted 
for the first time. 
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Antimetabolites of Mevalonic Acid Utilization in Lactobacillus acidophilus 


4963.* 


(23478) 


LemMueEL D. WRIGHT 
Graduate School of Nutrition, Cornell University, Ithaca, N. Y. 


Mevalonic acid refers to a new compound, 
beta - methyl - beta, delta - dihydroxy valeric 
acid (MVA) discovered by Skeggs e¢ al.(1) 
as a growth factor for certain lactobacilli in a 
medium devoid of acetate, isolated by Wright 
et al.(2) from a large quantity of distillers’ 
solubles, and characterized as described above 
by Wolf eé al.(3). The compound has been 
shown by Tavormina et al.(4) to be con- 
verted readily to cholesterol by an enzyme 
system of rat liver. Subsequent studies from 
several laboratories have confirmed the high 
order of activity of MVA as an intermediate 
in cholesterol or squalene biosynthesis and 
have supplied information on the mechanism 
of the incorporation(5,6,7,8,9). During the 
course of some current studies on MVA me- 
tabolism various compounds that have been 
implicated with a relationship to cholesterol 
biosynthesis in mammalian tissue have been 
examined for their effect on mevalonic acid 
utilization by Lactobacillus acidophilus 4963, 
an organism that may be grown on a syn- 
thetic medium containing relatively small 
amounts of MVA or relatively large amounts 
of acetate. The microbiological results may 
be of interest for comparative purposes. 

Methods and materials. Microbiological 
determinations were carried out with Lacto- 
bacillus acidophilus ATCC 4963 essentially as 
described by Skeggs e¢ al.(1). MVA was 
used in the form of the DL N, N1-dibenzyl- 
ethylenediammonium salt.t The extent of 
bacterial growth was determined with a Klett- 
Summerson photoelectric colorimeter and the 
results given are in terms of scale units cor- 
rected for the reading of the blanks (no added 
MVA). Hydroxy methyl glutaric acid 
(HMG) and dimethyl acrylic acid (DMA, 
methyl crotonic acid, senecioic acid) were 


* Supported in part by research grant from Na- 
tional Science Fn. 


+ Kindly supplied by Dr. Karl Folkers, Merck 
Sharp and Dohme Laboratories, Rahway, N. Me 


commercial products. Farnesinic acid (FA) 
#14 was synthesized by the Reformatsky re- 


TABLE I. Influence of Farnesinie Acid (FA) on 
Response of Lactobacillus acidophilus 4963 to Mev- 
alonie Acid (MVA). 


MVA, FA, Turbid- 
Exp.No. y/10ml y/10 ml ity 
1 0 0 
1 29 
2 44 
3 53 
4 56 
6 65 
1.0 75 
sll 100, #1 8 
ay 200 0 
a 300 0 
ee 500 0 
re 1000 0 
1 100 73 
1 200 65 
il 300 58 
1 500 42 
1 1000 0 
10 100 82 
se 200 80 
i 300 da 
Ke 500 51 
i 1000 7 
2 0 0 
<i 19 
2 32 
os) 40 
A 51 
6 69 
1.0 88 
al 10 1e 9 
i 20 21 
; 30 19 
a 50 23 
=| 100 13 
2? 200 0 
* 300 0 
a 500 0 
1 10, #2 20 
e 20 18 
- 30 22 
Se 50 21 
Me 100 22 
i 200 13 
% 300 4 
a 500 0 


{Kindly supplied by Dr. James M. Sprague, 
Merck Sharp and Dohme Laboratories, West Point, 
Pa. 
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TABLE I (continued). 


MVA, FA, Turbid- 
Exp. No. y/10ml_¥/10 ml ity 
3 0 0 
sal 28 
2 36 
3 40 
4 50 
6 64 
1.0 79 
ai 200, #1 6 
ee 400 0 
? 600 0 
“al 200, #2 19 
- 400 4 
600 0 
J 200, #3 18 
ie 400 3 
600 0 


action from geranyl acetone, samples #2§ 
and #3] were prepared from nerolidol through 
farnesal. a-Phenyl butyric acid (PBA) and 
a-p-biphenylyl butyric acid (BBA) were syn- 
thesized by accepted methods.? 

Results. As indicated by the data of Tables 
I and II farnesinic acid (FA), a-p-biphenylyl 
butyric acid (BBA), 8-hydroxy-8-methyl glu- 
taric acid (HMG), a-phenyl butyric acid 
(PBA), and possibly dimethyl acrylic acid 
(DMA) are all antimeabolites of MVA in 
decreasing order of activity as listed in the 
growth of Lactobacillus acidophilus 4963. 
There is some suggestion that FA sample #1 
prepared by the Reformatsky reaction and 
likely to contain a monocyclic byproduct im- 
purity is more active than the other 2 samples. 
Dituri e¢ al.(10) have presented evidence that 
farnesinic acid is an intermediate between ace- 
tate and squalene. Sandermann and Stock- 
mann, on the other hand, have reported(11) 
that C!!-labeled FA prepared by the Re- 
formatsky reaction from geranyl acetone is 
not converted to C14-cholesterol by rat liver, 
but sufficient experimental data are not given 
for a critical evaluation. Evidence that FA 
is not an intermediate of squalene synthesis 
in yeast is provided by the results of Amdur 
et al.(6) obtained with doubly-labeled (car- 


§ Kindly supplied by Dr. Gilbert Stork, Columbia 
University, N. Y. City. 

|| Kindly supplied by Drs. Frank Dituri and Sam- 
uel Gurin, University of Pennsylvania, Philadelphia. 
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bon(Cl*) and hydrogen (tritium, T)) MVA. 
This group found that 2-C1-5-di-T-MVA is 
incorporated into squalene by a particle-free 


TABLE II. Influence of Various Compounds on 
Response of Lactobacillus acidophilus 4963 to Mey- 
alonie Acid (MVA). 


MVA, 
Exp. No. 7/10 ml 


Analog, Turbid- 
4/10 ml ity 


1 0 0 
st 52 
2 55 
3 59 
A 63 
6 70 

1.0 80 
a 100HMG = 43 
; 200 38 
ze 300 30 
z 400 22 
p 1000 9 
z 2000 4 
z 3000 4 
2 4000 6 
2 100 56 
z 200 53 
2 300 55 
‘ 400 55 
x 1000 42 
‘i 2000 25 
: 3000 19 
2 4000 16 

2 0 0 
ii 34 
2 50 
iS sy 
4 59 
6 73 

1.0 84 
fl 100,FA #1 3 
: 200 2 
z 300 0 
: 500 0 
xt 100 HMG —.20 
2 200 17 
i 300 12 
’ 500 3 
sl 100DMA 21 
2 200 23 
% 300 20 
Y 500 13 
i 100PBA 24 
2 200 2 
: 300 24 
: 500 15 
al 100BBA 16 
z 200 13 
300 11 
i 500 9 


FA = Farnesinie acid. HMG = Hydroxy methyl 
glutaric acid. DMA = Dimethyl aerylic acid. PBA 
= Phenyl butyrie acid. BBA = Biphenylyl bu- 
tyric acid. 
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system of yeast with no change in the ARE OEe 
ratio. If FA were an intermediate a decrease 
in the T:C! ratio of 33144% would be re- 
quired since in the formation of FA from 
MVA the primary alcohol of 1 MVA in 3 is 
oxidized to a carboxyl group with correspond- 
ing loss of all T or H. Wright and Cleland 
have reported(9) that the conversion of C'*- 
MVA to cholesterol by rat liver homogenates 
is markedly reduced by the presence of FA. 
Such an effect would be expected of a com- 
pound that is either a precursor or an anti- 
metabolite of MVA. The present microbio- 
logical results favor the interpretation that 
FA is an antimetabolite of MVA utilization. 
It must be admitted, however, that the fate 
of MVA in the lactobacillus is unknown and 
it is conceivable that FA is a metabolite of 
MVA in the liver system and an antimetabo- 
lite in the microbiological system. 

PBA and BBA have found some utility as 
hypocholesterolemic agents, particularly in 
Europe. Tavormina and Gibbs have studied 
(12) these compounds as antimetabolites of 
acetate and mevalonate in the rat liver homo- 
genate system that synthesizes cholesterol and 
have reported that BBA suppresses acetate 
and mevalonate incorporation 99 and 93% 
respectively whereas PBA has no significant 
effect on acetate or mevalonate incorporation. 
It is of interest, therefore, that the present 
microbiological procedure evaluates these 2 
compounds in the same order as antimetabo- 
lites of mevalonic acid utilization. It is sug- 
gested that this microbiological system may 
have utility in the search for other hypo- 
cholesterolemic compounds. 


The finding that HMG is an antimetabolite 
of MVA was not expected. The compound 
is known to occur in liver but it is no longer 
considered to be a metabolite in cholesterol 
synthesis(13). The compound was not found 
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to have significant antimetabolite activity in 
the liver system(9). DMA, a compound that 
is incorporated into cholesterol by mammalian 
tissue at such a low rate as to be considered 
off the main path of biosynthesis(4), has low 
to questionable antimetabolite activity. 

Summary. Farnesinic acid, a-p-biphenylyl 
butyric acid, #-hydroxy-@-methyl glutaric 
acid, a-phenyl butyric acid and dimethyl 
acrylic acid were found to be antimetabolites 
of mevalonic acid in this order of decreasing 
activity for the growth of Lactobacillus acido- 
philus 4963. Implications of these findings 
are discussed. 
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Enzymatic Proteolysis of Rat Sponge Biopsy Collagen Tissue. (23479) 


Donatp E. OKEN* AND RoBERT J. BOUCEK 
Department of Medicine, University of Miami School of Medicine, and The Howard Hughes 
Medical Institute, Miami, Fla. 


The appearance of excessive collagen in de- 
generative disease and aging in man focuses 
attention on factors influencing collagen for- 
mation and degradation. Thus far, no na- 
turally occurring mammalian collagenase has 
been proven to exist; the means whereby col- 
lagen turnover takes place remains obscure. 
The rate of resorption of collagen from the 
involuting post-partum uterus is, however, ex- 
ceptionally rapid(1) and this suggests the 
presence of a substance which has collageno- 
lytic properties. Alternately, the rapid post- 
partum degradation might reflect an altera- 
tion in the uterus itself so that, under the in- 
fluence of hormonal change, it acquires a new 
susceptibility to less specific proteolytic 
agents. 

The present study had as its objective the 
evaluation of the effects of certain enzymes 
upon the saline-insoluble fraction of rat 
sponge-biopsy connective tissue(2) at pH 6.8- 
7.8. The degree of collagenolysis was com- 
pared in biopsy-connective tissue removed 
from untreated rats and from rats treated 
with estrogen and relaxin prior to removal of 
the tissue. 

Method. Sponge-biopsy connective tissue 
was obtained from 5 male, 6 female and 2 
castrate adult Sprague-Dawley rats. Poly- 
vinyl alcohol sponges had been implanted in 
the rats from 3 to 8 months before biopsy. 
Premarin,® 0.025 mg, and relaxin,t 4 mg, 
were injected subcutaneously into 7 of the 
rats for 21 consecutive days prior to the re- 
moval of the sponge biopsies. The remaining 
6 rats received no therapy and served as con- 
trols. 

The biopsied sponges were sliced into dis- 
tilled water and homogenized at medium 
speed in a VirTis homogenizer. Connective 
tissue was grossly separated from the sponge 


* National Institutes of Health Research Fellow. 
+ Relaxin was supplied through the courtesy of 
the Warner-Chilcott Laboratories. 


material after high speed centrifugation. It 
was then stirred vigorously with 0.1 N saline 
for two 10-minute periods to remove saline- 
soluble collagen and non-collagenous proteins. 
The insoluble residue served as the substrate 
for the enzymatic studies. Fresh rat-tail col- 
lagen, which served as a control collagen, was 
prepared by stripping out the tendons from 
an untreated rat, cutting them into short 
lengths, and treating them similarly to the 
sponge-biopsy material. All preparative work 
was done in a cold room or refrigerated cen- 
trifuge at 5°C. 

200-300 mg aliquots of freshly prepared 
biopsy tissue were shaken at 37°C for 12 
hours with 1 ml buffered solutions containing 
Trypsin 2 mg, Chymotrypsin 3 mg, Papain 1 
mg, Elastase (pure) 1 mg, Hyaluronidase 3 
mg,} or Elastase (impure) 3 mg.§ All en- 
zymes were dissolved in 0.1 M phosphate buf- 
fer, pH 7.8, except Papain (Versene buffer, 
pH 6.0, containing 0.005 M of Cysteine) and 
Trypsin (0.1 M phosphate buffer, pH 6.8). 
Tissues incubated with each buffer but with- 
out enzyme served as controls for each ani- 
mal. As further control, a sample of each 
enzyme was heated to 100°C for 10 minutes 
and incubated with the tissue of one rat. 

After incubation, the tissues were centri- 
fuged in the cold at approximately 70,000 x 
g for 40 minutes. The supernatants were 
passed through sintered glass filters to remove 
any remaining particulate collagen. Aliquots 
of each supernatant were evaporated to dry- 
ness and hydrolysed in 1 ml of 6 N HCl at 
110°C for 16 hours. The residues were hy- 
drolysed similarly. The collagen concentra- 
tion of each fraction was determined by the 


+ Trypsin, 2 x crystalline, Chymotrypsin, 2 x crys- 
talline, Papain, 2 x crystalline, Hyaluronidase, 100-200 
TRU/mg—Nutritional Biochemicals Co.; Elastase, 
2 x—Worthington Biochemicals Corp. 

§ Elastase, impure, was supplied through the 
courtesy of the Warner-Chilcott Laboratories. 
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TABLE I. Enzymatic Digestion of Collagen. 


Hydroxy- 
proline, 
mg/100 mg 
protein in 


Collagen digested, 
% of total collagen 


Untreated 


Enzyme control Treated residue 
Buffer, 
pH 6.8 3837+ .08 604+ .35* 6.544 .39 
pH 7.8 28+ 09 382+ 12 6364 .54 
Chymotrypsin 2.744 .71 2.29+ 38 8.66+ .37 
ae A 
Trypsin 2X 2.99 + .87 3.85+ .76 7.64 +2.12 
Papain 2x 3.76 + .74 2.85 + .84 8.30+ .30 
Hyaluronidase .59+ .23 66 + .30 —— 
100-200 TRU 
Elastase 2X t al aNat 1.42 — 
.99 
Trypsin 2x & 3.69 4.18 — 
elastase 2 3.34 
Elastase 10.03 +1.56 9.77 +2.51 9.954 .54 


(impure ) 


* Mean and stand. dey. 
t Only 3 samples assayed. 


hydroxyproline technic of Neuman and Logan 
(3) and the digested collagen in the superna- 
tant expressed as a percentage of total colla- 
gen of the sample. The total protein content 
of each residue was derived from the nitrogen 
content as determined by the Conway(4) 
method after Kjeldahl digestion. 

Results. Enzyme incubation of the biopsy- 
connective tissue from the rats pretreated 
with estrogen and relaxin resulted in collagen 
digestion which was not statistically different 
from those obtained with tissues of the un- 
treated animals (Table I). Because the con- 
nective tissues of the male, female and cas- 
trate rats were equally susceptible to all the 
enzymes, the results were calculated and com- 
pared on the basis of treatment and control. 

Tissue incubated with buffer alone or with 
heat-inactivated enzyme gave virtually no 
collagen digestion. Hyaluronidase, a non- 
proteolytic enzyme, similarly released an in- 
significant amount of collagen and, in effect, 
constituted a further control. Trypsin, Chy- 
motrypsin and Papain, on the other hand, 
gave small but consistent digestion of collagen 
in all samples. These enzymes resulted in 
from 2.29 to 3.85% digestion in the two 
groups of rats. There was no statistically 
significant difference among the results for 
these 3 enzymes. Pure Elastase gave approxi- 


mately 1% digestion, and when combined 
with crystalline Trypsin gave a mean value 
of 3.74% digestion for 3 tissues which was 
not statistically different from that obtained 
with Trypsin alone. Impure Elastase, on the 
other hand, resulted in from 6.0 to 18.7% 
digestion (mean 9.9%) for the 2 groups of 
animals. Incubation of rat-tail tendon with 
impure Elastase resulted in the release of 
8.9% of total collagen, which is an amount 
comparable to that obtained with the biopsy- 
tissue. 

The concentrations of hydroxyproline per 
unit of protein in the connective tissue resi- 
dues after digestion with Chymotrypsin, Pa- 
pain or impure Elastase were statistically 
greater (p<0.05) than those in the tissues in- 
cubated without enzyme. The large spread 
of data obtained for the Trypsin-digested resi- 
dues nullified any significant difference from 
the controls. 

Comments and summary. Pretreatment of 
rats with estrogen and relaxin does not appear 
to alter the susceptibility of sponge-biopsy 
connective tissue to digestion by proteolytic 
enzymes at near physiologic pH. No differ- 
ence was noted in the proteolysis of collagen 
obtained from either sex or from castrate rats. 
Trypsin, Chymotrypsin and Papain all have 
a slight proteolytic activity on pretreated or 
untreated tissue, while pure Elastase and Hy- 
aluronidase effect little, if any, liberation of 
collagen. Impure Elastase dissolves 2 to 6 
times the amount of collagen digested by the 
proteolytic enzymes or a combination of pure 
Elastase and Trypsin. It is postulated that 
the impure Elastase, prepared from pancreas, 
contains a collagenolytic enzyme distinct from 
the proteolytic enzymes of the pancreas. The 
removal of a portion of the scleroprotein of 
connective tissue by enzyme action results in 
a residue richer in hydroxyproline (per unit 
protein) than in the enzyme-free controls. 
This may occur either through the removal 
of a non-collagenous, saline-insoluble protein 
liberated by the enzyme, or through the se- 
lective removal of a type of collagen which 
has a lower hydroxyproline concentration 
than the tissue as a whole. 
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Ovulation in Persistent-Estrous Rats after Electrical Stimulation 


of the Brain.*t 


(23480) 


JosEPH P. BUNN}S AND JOHN W. EvERETT 
Department of Anatomy, Duke University, Durham, N. C. 


The fact of neural regulation of ovulation 
in rabbits and certain other animals classed 
as “reflex ovulators” has been well known for 
many years. Direct evidence has been ob- 
tained by the induction of ovulation through 
electrical stimulation of the hypothalamus (1, 
2). More recently, ovulation has been re- 
ported in rabbits and cats after stimulation of 
the amygdaloid complex(3,4). Indirect evi- 
dence indicates that spontaneous ovulation as 
exemplified by the rat is likewise regulated by 
the hypothalamus(5). However, until very 
recently there was no direct evidence for this 
from stimulation of the brain. Critchlow(6) 
is the first to demonstrate it, using proestrous 
rats in which the ‘‘spontaneous” mechanism 
was blocked out with pentobarbital. To be 
effective, his electrodes had to be near the 
median eminence. To produce ovulation in 
rats by stimulation elsewhere in the nervous 
system, other means are required to block the 
spontaneous intrinsic stimulus. One such 
method is to subject the rat to continuous il- 
lumination for a few weeks(7,8,9). In time 
such an animal usually enters a state of per- 
sistent estrus. She can ovulate in response to 
coitus(9) and in this respect is like the rab- 


* A portion of a thesis submitted by J. P. B. in 
partial fulfillment of requirements for the degree of 
Bachelor of Science in Medicine in the School of 
Medicine of Duke University. 

+ Supported in part by a grant from the Research 
Council of Duke University. 

t Research Fellow of the National Foundation for 
Infantile Paralysis. 

§ Present address: Duval Medical Center, Jackson- 
ville, Fla. 


bit, cat, etc. For comparison with them she 
would theoretically serve as a more suitable 
preparation than the pentobarbital-blocked 
rat. We wish to record the fact that such 
preparations can be made to ovulate by elec- 
trical stimulation of the brain through elec- 
trodes implanted at a distance from the hypo- 
thalamus. 

Materials and methods. Adult female al- 
bino rats over 6 months old were exposed to 
continuous illumination until a_ persistent 
vaginal estrus had become established. Of 
this group, 12 rats formed the eventual series 
of acceptable experiments. A bipolar elec- 
trode was placed in the brain of each animal 
by use of a Horsley-Clarke stereotaxic instru- 
ment and Krieg’s coordinates. The electrodes 
were fashioned from 0.32 mm Nichrome wire, 
stretched, and insulated with baked enamel. 
The spacing of the two wires at the tip was 
<0.05 mm. In 11 rats the electrode was 
aimed for the amygdaloid complex; in the re- 
maining rat it was inserted into the septal re- 
gion. It was fixed to the skull by a bridge 
made of an 18 mm wound clip clamped to the 
temporal crests and filled-in beneath with zinc 
dental cement. The operation was performed 
under ether anesthesia to allow rapid recov- 
ery. Soon afterward the rat was placed in a 
shoulder harness to which wires from the 
electrode were anchored before leading off to 
the stimulator. She had free range of move- 
ment within the radius of the wires. Stimu- 
lation was carried out after recovery from the 
anesthetic. The source of stimulus was an 
electronic impulse generator with indepen- 
dently controlled frequency and intensity sec- 
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TABLE I. Summary of Brain Stimulations and 
Results. 
—— Electrode <i Result =>) 
Location Proof Interval Evidence Score 
Amygdala Sec* 24 hr 11 tubal ova =— 
M Gr obst = 12 Idem a 
5 9 ” eo 
See te 9 + 
3 58 8 a 
Grobs llday Immeorplut ? 
See <! Idem q 
Grobs 24hr No tubalova — 
ts o Idem — 
See 5 day No corp lut = 
Septum pel- 48 hr Many new s= 


lucidum corp lut 


* Stained sections of formalin-fixed brain. 
+ Gross observation of formalin-fixed brain (see 
text) 


tions. The wave form which it delivers is a 
rapidly rising spike from a condenser dis- 
charge, with exponential decay during ca. 3 
msec. The frequency and intensity varied 
from individual to individual. The practice 
was to administer as much as the animal 
would take, short of convulsions, during pe- 
riods of 30-60 minutes. The usual frequency 
was 25-30 c/sec. The voltage ranged as high 
as 10-15 v, reaching 20 v in one instance. 
The instrument was not always dependable, 
however, and more reliance was placed on the 
overt response of the animal than on the 
setting of the voltage dial. The results were 
assessed at autopsy, which was carried out 
on the first day after stimulation in 8 rats, 
on the second day in 1 rat, on the fifth day 
(proestrus) in 1 rat and on the eleventh day 
of anestrus in 2 rats. In the 8 rats the fal- 
lopian tubes were searched for ova and the 
ovaries were examined for freshly ruptured 
follicles(5). In the others, if corpora lutea 
were present, the ovaries were serially sec- 
tioned for histological examination. The in- 
tact brain of each animal was preserved en- 
tire in 10% formalin. Six were imbedded in 
celloidin, sectioned at 26 » and stained by the 
Luxol fast blue-Cresyl fast violet technic of 
Kluver and Barrera(10). Otherwise, only 
gross observations were made. Usually a 
spot of discoloration could be seen on the 
ventral surface, marking the location of the 
electrode tip. If doubt existed, progressive 
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thin slices were made with a razor blade until 
the electrode track was found. 


Results. The results of all acceptable ex- 
periments are assembled in Table I. In 11 
rats the tips of the electrodes rested in the 
amygdaloid complex. Five of them had 
tubal ova on the day after stimulation. Two 
others possibly ovulated, but the information 
is indirect on account of the delayed autopsy 
time. Four failed for no evident reason. In 
one rat the electrode was aimed at the septum 
pellucidum; sections of brain later demon- 
strated that the tip lay in the lateral ventricle 
impinging on the dorsal lateral aspect of the 
septum and also in contact with the caudate 
nucleus. Two days after stimulation her 
ovaries had new corpora lutea about 36 hours 
old, as judged from their histological appear- 
ance. 

Proximity of amygdala and lateral hypo- 
thalamus makes it possible that in several 
cases the positive result may have come about 
through spread of the stimulating current into 
the hypothalamus. However, the one rat that 
was stimulated in the septal region and one 
of the amygdala group (#2) can hardly be 
explained on that basis. In the former the 
distance to the hypothalamus would be too 
great. In the latter there were few motor 
signs, in spite of the fact that the electrode 
tips were just lateral and ventral to the in- 
ternal capsule. Spread would thus appear 
to be ruled out. 


Seven faulty experiments, in which the 
electrode was not firmly attached to the skull 
or the electrical connections were poor or the 
electrode was not deep enough, may be con- 
sidered as controls in the sense that they show 
that mere insertion of the electrode does not 
serve as an adequate stimulus. None of them 
ovulated. 


The results confirm by a somewhat differ- 
ent method the observation by Critchlow (6) 
that ovulation can be induced in rats by elec- 
trical stimulation of the brain—this in a spe- 
cies that normally ovulates spontaneously. 
Although the present experiments are only 
preliminary, they show clearly that the per- 
sistent-estrous rat in continuous illumination 
is a suitable experimental animal for explora- 
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tion of neural elements of the LH-release ap- 
paratus higher than the median eminence. 
The chief limitation would appear to be the 
fact that in some strains of rats (e.g. our 
“normal” strain derived from Osborne-Mendel 
stock) the persistent-estrous state often can- 
not quickly be induced until the animal is 6 
months old. 

Summary. Persistent estrus was induced in 
female rats by continuous — illumination. 
Through “permanent” bipolar electrodes, 
stimulation was administered after recovery 
from anesthesia to either the amygdala (11 
rats) or the septum pellucidum (1 rat). The 
latter and 5 of the former ovulated within 24 
hours. 
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“Transfer” of Complement from One Antigen-Antibody Complex to 


Another.*t 


(23481) 


WitiiAmM O. WEIGLE AND Paut H. MAURER 
Department of Pathology, University of Pittsburgh School of Medicine, Pittsburgh, Pa. 


It has been shown that some of the ['*1 
labelled complement incorporated with anti- 
gen-antibody-I'*! complement precipitates is 
released when these precipitates are resus- 
pended in fresh sera containing active com- 
plement(1). This behavior was attributed to 
an equilibration between the I’?! complement 
in the precipitates and the free complement 
present in the fresh sera. It was of interest to 
determine whether the complement compon- 
ents still maintain their original activities 
after the reaction with an immune complex. 
There is some evidence in the literature indi- 
cating that complement components once 
fixed may maintain some of the original abil- 
ity to participate in the hemolysis of sensi- 
tized erythrocytes(2,3). 

* Publication No. 133 of Department of Pathology, 
University of Pittsburgh School of Medicine. 

+ Presented in partial fulfillment of requirements 
of degree of Doctor of Philosophy by William O. 
Weigle, University of Pittsburgh, Pa. Supported in 
part by Atomic Energy Commission Contract. 


The purpose of the present investigation 
was to determine whether or not components 
of complement can “transfer” from one im- 
mune complex to an unrelated one and if so, 
what are the conditions which govera this 
“transfer.” As an index of complement ac- 
tivity, use was made of the precipitation of 
soluble antigen-antibody complexes by com- 
plement (4,5). Antigen-antibody complexes 
(soluble or insoluble) containing complement 
were mixed with soluble I**! bovine serum al- 
bumin (I*BSA)-rabbit anti BSA complexes 
which were prepared in the region of excess 
antigen. The subsequent precipitation of the 
soluble I*BSA-anti BSA complexes was em- 
ployed as a measure of the “transfer” of 
complement to these complexes. Although 
complement appears to be responsible for the 
precipitation of soluble immune complexes by 
normal sera, there is a possibility that other 
substances present in the sera may play a 


role. It has previously been inferred that 


Be 


nitrogenous materials other than complement 
may fix to immune precipitates(1). 
Materials and methods. BSA was obtained 
from Armour and Co., lot No. 128-175, egg 
albumin (Ea) was prepared by the method of 
Kekwick and Cannan(6). Pneumococcal 
polysaccharide S III was kindly supplied by 
Dr. M. Heidelberger. I'*4 BSA (I*BSA) was 
prepared according to the method described 
by Talmage et al.(7). Sufficient counts were 
obtained in well type gamma counters to in- 
sure a maximum counting error of no greater 
than 5%. Anti BSA and anti Ea were pre- 
pared by intravenous injections of rabbits 
four times per week with neutral suspensions 
of alum precipitated protein as previously 
described(8). The globulin fraction of these 
antisera was precipitated at 40% saturation 
with ammonium sulfate, and dialyzed against 
0.15 M NaCl until free of sulfate. The anti- 
body content of the fractionated preparations 
of the anti BSA and anti Ea sera was 1.58 
and 2.00 mg N per ml, respectively. These 
preparations were maintained as stock solu- 
tions and diluted for use. Rabbit anti S ITI, 
A66, was kindly supplied by Dr. M. Heidel- 
berger. A pool of serum obtained from 30 
guinea pigs was used as the source of comple- 
ment. The serum was placed in a polyethyl- 
ene container and stored in a dry ice chest at 
—50 to —70°C without preservatives. The se- 
rum was adjusted to pH 7.5 before use. The 
reagents and methods employed for the titra- 
tion of the components of complement were 
those previously described(9,10). Sheep 
erythrocytes collected in Alsever’s solution 
(11) were obtained from Carworth Farms, 
New City, N. Y. and the rabbit hemolysin 
was procured from Lederle Labs, lot No. 
2409-132 A. The quantitative immunochemi- 
cal procedures used were those developed by 
Heidelberger and co-workers(10). The total 
N in immune precipitates and in the various 
protein solutions was measured by the Mark- 
ham modification of the micro Kjeldahl tech- 
nic(12). Complement N was recorded as the 
difference between the total N precipitated 
(antibody + antigen —- complement) in the 
presence of complement and the total N pre- 
cipitated in the presence of 0.15 M NaCl or 
inactivated serum (antibody ++ antigen). 
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Sera were inactivated by heating for one hour 
at 56°C. Two ml of guinea pig complement 
were reacted with mixtures of S III polysac- 
charide + anti S III and Ea + anti Ea 
formed at equivalence. The vg of total N in 
the S III-anti S III and Ea-anti Ea precipi- 
tates formed in the absence of complement 
were 110 and 105 respectively. The antigen- 
antibody-complement mixtures were incu- 
bated at 37°C for 30 minutes and then for 
various times (1 hour-6 days) at 0-3°C. 
After different periods of incubation the pre- 
cipitates which formed were centrifuged and 
washed twice. Subsequent addition of the 
antibody-antigen-complement complexes to 
soluble I*BSA-anti BSA complexes which 
had been formed at 2 times equivalence and 
contained 14.5 ug of I*BSA N was performed 
in 2 different ways. One method consisted of 
resuspending the antigen-antibody-comple- 
ment precipitates in the I*BSA-anti BSA 
complexes. The other involved dissolving the 
antigen - antibody - complement precipitates 
with excess antigen (either 2.15 mg S III or 
14.70 mg Ea) at 37°C for 30 minutes, centri- 
fuging the mixture at O°C and adding the 
clarified solution to I1*BSA-anti BSA soluble 
complexes. The soluble I*BSA-antiBSA com- 
plexes and the solutions of redissolved precipi- 
tates were present in a volume of 1 ml. These 
experiments were performed using veronal 
buffer pH 7.4(10) as a diluent both with and 
without added Ca**+ and Mg**. The total N 
precipitated by the transferred complement 
was also measured. 

Results. The results in Table I show that 


TABLE I. Precipitation of I*BSA-Anti BSA Sol- 
uble Complexes by Antigen-Antibody-Complement 


Complexes. 
I*BSAN 
Antigen- DP BSAGN Pptd. by 
antibodyt C’Nin Pptd.by dissociated 
complement Ppts., Ag.-Ab.-C’ Ag.-Ab.-C’ 
Ppts. ug Ppts. Ppts. 
S IIl-anti S ITI* 51.2 1.6 (11)$ 4.7 (32) 
(156.6 we N) 
EKa-Anti Eat 60.8 2.6 (18) 3.0 (21) 


(162.8 ug N) 


2.15 mg SIII used to dissociate precipitate. 
2.35 mg HaN ” ” 2 « é 
Used after 6 hr reaction time at 0-3°C. 

§ The figures in parentheses are % of available 
I*BSA (14.5 wg N) which precipitated. 


+ 
t 


COMPLEMENT TRANSFER FROM IMMUNE COMPLEXES 373 
TABLE II. Dissociation of Antigen-Antibody-Complement Precipitates by Excess Antigen 
3 after Incubation at 0-3°C, = 
Amt of anti- Jo 
Total N Pptd. (ug) in gen used to N in Ppts. (ug) dissociation 
Time of presence of dissociate after dissociations of Ppts. 
incubation 2.0 mlof 2.0 ml C’'N Pptd., Ag.-Ab.-C’ 
(0-3°C) G.P.serum 0.15 M NaCl ug Ppts., mg (a) (b) (a)  (b) 
S ITT-anti S III system 
3 hr 145.0 96.0 49.0) 2.15 26.0 14.0 82 85 
6 hr 153.4 99.2 54.2 ¥ 28.2 18.2 82 82 
24 hr 158.6 100.2 58.4 ¥ 35.0 19.4 78 81 
6 days 162.8 106.8 56.0 - 42.4 21.8 74 78 
Ea-anti Ea system 
3 hr 151.8 108.2 43.6 14.70 64.6 8.2 58 82 


(a) Precipitates initially formed in G.P. serum. 


(b) - 


complement from both antigen-antibody-com- 
plement precipitates and soluble antigen-anti- 
body-complement complexes can precipitate 
soluble I*BSA-anti BSA complexes. The pre- 
cipitation of these soluble complexes may be 
the result of the “transfer” of either free com- 
plement or complement in the form of anti- 
gen-antibody-complement complexes. How- 
ever, it will be shown later that it is probably 
free complement which is transferred. 

Before investigating the effect of the time 
of incubation of the antigen-antibody-comple- 
ment complexes on the ability of complement 
to be transferred to a second antigen-antibody 
complex, it was necessary to study the resolu- 
tion behavior of antigen-antibody precipitates 
with excess antigen. The results of the reso- 
lution of specific precipitates consisting of 
antibody, antigen and complement and of 
antibody and antigen (no complement) are 
given in Table II. The effect of the time of 
incubation of S III-anti S III precipitates 
(either with or without complement) at 0-3°C 
on resolution with excess antigen was not very 
pronounced. As the time of incubation of the 
precipitates was increased (from 3 hours to 
6 days) they became only slightly more dif- 
ficult to dissolve with excess S III. With the 
S III-anti S III system, the presence of com- 
plement had very little, if any, effect on the 
resolution of the precipitates by excess S III. 
However, with the Ea-anti Ea system, there 
was a pronounced effect of the presence of 
complement on the resolution of the precipi- 
tates by excess antigen. Eighty-two percent 
of the total precipitate formed in 0.15 M 


” 0.15 M NaCl. 


NaCl was dissolved with excess antigen, 
whereas, only 58% of the precipitate contain- 
ing 43.6 ug of complement N was dissolved by 
the same amount of Ea. 

The “transfer” of complement (nitrogen) 
from dissolved S III-anti S Ill-complement 
precipitates as evidenced by the precipitation 
of soluble I*BSA-anti BSA complexes is 
shown in Table III. This “transfer” of com- 
plement (nitrogen) was inhibited significantly 
by the addition of Ca** and Mg**. Precipita- 
tion of soluble I*BSA-anti BSA complexes 
occurred in the absence of Ca** and Mg". 
Similar results were obtained with the dis- 
sociated Ea-anti Ea-complement precipitates 
(Table IV). When soluble I*BSA-anti BSA 
complexes were incubated with either S III- 
anti S III or Ea-anti Ea complexes which 
lacked complement there was no precipitation 
of I*BSA. 

Precipitates containing complement had 
similar effects on the precipitation of soluble 
complexes as did the solutions of the dissolved 
antigen - antibody - complement _ precipitates 
(Tables III and IV). As mentioned above, 
this precipitation was also inhibited by Ca** 
and Meg". 

The S II]-anti S III-complement precipi- 
tates obtained after 3 hours incubation at 
0-3°C were dissolved with excess S III both 
in the presence and absence of Ca** and Mg** 
and were then analysed for component activi- 
ties of complement. Only C’l activity was 
found in the solutions of the dissolved precipi- 
tates. However, 3 times as much C’'l activity 
was found in the solution prepared in the ab- 
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COMPLEMENT TRANSFER FROM IMMUNE COMPLEXES 


TABLE III. Precipitation of Soluble I*BSA-Anti BSA Complexes by S III Polysaccharide- 
Anti S I1I-Complement Complexes. 


eee ao 


Dissociated Ppts. 


Time of incu- 
bation of S III- 


Undissociated 
Ppts. 
Increase in 
N of SIU- 


anti SILL-C’  TotaliN I*BSA N C'N antiS III-C’ I*BSAN 

Ppts. (0-3°C) Pptd.,yng Pptd.,twg Pptd..*yg Ppts.,tug  Pptd.,* we 
In absence of Ca** 3 hr 21.8 2.7 6.9 13.2 3.3 
and Mg*+ 6 hr 37.6 4.4 12.7 15.2 3.4 
24 hr 43.4 4.9 16.5 16.2 3.3 
6 days 31.2 2.8 15.8 7.0 2.8 
In presence of Cat* 3 hr 8 0 5 
(0.00015 M) and 6 hr etl 0 ) 
Mg** (0.0005 M) 24 hr 1.3 0 5 
6 days 2 0 3) 


* Obtained by subtracting the antibody N and I*BSA N Pptd. from the total N Pptd. An 
antibody N/antigen N ratio of 4.5 was used to determine antibody N Pptd. 


+ I*BSA-anti BSA soluble complexes contained 14.5 wg 


I*BSA N. 


t Determined by difference in N content of S III-anti S III-C’ Ppts. before and after ineu- 


bation with I*BSA-anti BSA soluble complexes. 


sence of Ca** and Mg** than in the one pre- 
pared in the presence of the divalent cations. 

Discussion. It has been observed that com- 
plement and possibly complement containing 
complexes can be transferred from one im- 
mune complex to an unrelated one. It is of 
interest that this phenomenon failed to take 
place in the presence of concentrations of 
Ca** and Mg** which have been shown to be 
necessary for the fixation of hemolytic com- 
plement(13-15). Mayer and co-workers(16- 
18) have postulated a sequence of steps in- 
volved in complement fixation and lysis of 
sensitized cells. They found that Ca** was 
required for the fixation of C’l and C’4 while 
Mg** was required for the fixation of C’2. In 
the present studies it has been shown that the 
divalent cations Ca** and/or Mg** inhibited 


the ability of complement to be “transferred” 
from one antigen-antibody compiex to an- 
other. From these results it appears that 
divalent cations are not only required for the 
fixation of guinea pig complement to antigen- 
antibody complexes, but may participate in 
maintaining a firm bond between complement 
and the complexes. Laporte et al.(19) postu- 
lated that complement may exist in the serum 
as a Ca-proteinate complex. When Ca** was 
removed from serum they found that comple- 
ment became more susceptible to inactivation 
at 37°C. It is possible that complement in 
the form of a Ca-proteinate maintains a 
stronger bond with antigen-antibody com- 
plexes than “cation free” complement. If this 
were true, it could readily explain the inhibit- 
ing effect of divalent cations on complement 


TABLE IV. Precipitation of Soluble I*BSA-Anti BSA Complexes by Ha-Anti Ea-Complement 


Complexes. 
Increase in 
N of Ea- 
TotalN I*BSAN C'N anti Ha-C’ I*BSAN 
Pptd., ug Pptd.,tug Pptd..*yg Ppts.tyg  Pptd.,* pg 
In absence of Ca** and Mg*+ 9.7 1.4 3.4 13.0 2.9 
In presence of Ca** (0.00015 M) 4 .0 Alf 


and Mg** (0.0005 M) 


Ha-anti Ea precipitates were incubated for 3 hr at 0-3°C prior to dissociation and addition 


to soluble I*BSA-anti BSA complexes. 


* Obtained by subtracting the antibody N and I*BSA N Pptd. from the total N Pptd. An 
antibody N/antigen N ratio of 4.5 was used to determine antibody N Pptd. 

t I*BSA-anti BSA soluble complexes contained 14.5 yg I*BSA N. 

} Determined by difference in N content of Ha-anti Ha-C’ Ppts. before and after incubation 


with I*BSA-anti BSA soluble complexes. 


COMPLEMENT TRANSFER FROM IMMUNE COMPLEXES 


“transfer.” It may well be that the precipita- 
tion of soluble I*BSA-anti BSA complexes in 
the presence of complement containing com- 
plexes is the result of the fixation of antigen- 
antibody-complement complexes by the sol- 
uble I*BSA-anti BSA complexes rather than 
the result of the “transfer” of complement 
from one complex to another. However, it 
appears that divalent cations would be more 
likely to inhibit the release of complement 
from immune precipitates than the fixation of 
complement. It was not determined whether 
both Ca** and Mg** were necessary to inhibit 
the “transfer” of complement from one com- 
plex to another. However, it appears from the 
work of Mayer and co-workers that Ca** 
should be the responsible cation. 

The complement released from the S III- 
anti S I[I-complement precipitates by excess 
S III was found to be hemolytically active 
C1. This release of hemolytically active 
complement (C’1) was not surprising in view 
of the findings of Hill and Osler(3), who dem- 
onstrated a return of hemolytic activity after 
treatment of precipitates containing comple- 
ment with 10% NaCl. These _ results 
are also in accord with the previously reported 
data(5) that the fixation of hemolytic com- 
plement by soluble complexes decreased with 
an increase in the concentrations of antigen 
added. Thus, the dissociation, by excess an- 
tigen, of precipitates containing complement 
should be expected to release complement. It 
is of interest that some of the complement 
(C’1) released in this manner still retained its 
hemolytic activity. 

From the results presented in Table II, it 
appeared that complement which had fixed to 
Ea-anti Ea precipitates retarded the dissocia- 
tion of the precipitates. This effect of com- 
plement on dissociation with excess antigen 
is similar to the “order of addition” effect re- 
ported by Neff and Becker(20). They found 
that when antibody was added to antigen and 
incubated for 2 days, less N was precipitated 
in the presence of complement than when the 
antigen was added to antibody. However, if 
the mixtures were incubated for a longer pe- 
riod of time (7 days), or the reaction per- 
formed in the presence of decomplemented 
sera this effect was diminished. The explana- 
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tion advanced was_that when antibody is 
added to antigen, the complexes are initially 
formed in the region of antigen excess and 
complete precipitation of antibody is not ob- 
tained until complete equilibrium is estab- 
lished. Neff and Becker showed that comple- 
ment increased the time necessary for equili- 
brium to be reached. Likewise in the present 
experiments, complement inhibited the estab- 
lishment of equilibrium when excess antigen 
was aded to Ea-anti Ea-complement precipi- 
tates. There are a number of reports in the 
literature demonstrating that complement re- 
tards the flocculation of antigen and antibody 
(21-23). This may also be attributed to the 
ability of complement to increase the time for 
equilibrium to be established. 

Boyd(24) found that Ea-anti Ea precipi- 
tates incubated at O°C for 10 months were 
dissolved with excess antigen to the same ex- 
tent as “fresh” precipitates. He believed that 
this demonstrated that the strength of the 
bonds involved in antigen-antibody precipi- 
tates did not increase with time. The data in 
Table II] demonstrate that S IIl-anti S III 
precipitates became only slightly more diffi- 
cult to dissociate with excess S III as the time 
of incubation (1 hour-6 days at 0-3°C) was 
increased. 


Summary. The “transfer” to soluble 
I*BSA-anti BSA complexes of guinea pig 
complement which had previously been fixed 
to S III-anti S III and Ea-anti Ea precipitates 
has been demonstrated. This “transfer” of 
complement was achieved if the complement 
containing precipitates were added directly to 
the complexes or first dissociated with excess 
antigen. It was found that Ca** and Mg** 
inhibited this “transfer” of complement. The 
only detectable component of complement re- 
leased from antibody-antigen-complement pre- 
cipitates by excess antigen was hemolytically 
active C’l. Complement which had _ been 
fixed to Ea-anti Ea precipitates retarded the 
establishment of the equilibrium between anti- 
body and antigen when excess antigen was 
added to these precipitates. It was also shown 
that the time during which precipitates (anti- 
body + antigen or antibody + antigen + 
complement) were incubated had only a 
minor effect on the rate of dissociation of the 
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precipitates with excess antigen. 
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Hyperreactivity of Coxiella burnetii Infected Guinea Pigs to Subsequent 


Injections of Bacterial Endotoxins. 
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(With the technical assistance of Delbert H. Davisson) 
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Following Shwartzman’s report(1) of a 
necropurpurogenic factor in meningococci, 
many workers noted that skin tissue could be 
prepared for the reaction by local infection 
with a number of microorganisms. Thus, 
Bacillus anthracis(2), Mycobacterium tuber- 
culosis (3), Haemophilus influenzae (4), hemo- 
lytic streptococci(S), and even the virus of 
vaccinia(2,6) have been used to prepare ani- 
mals for the local Shwartzman reaction. 
When animals with such skin infections were 
injected intravenously with a “provoking” 
dose of a culture filtrate from certain Gram- 
negative microorganisms capable of eliciting 
the Shwartzman reaction, hemorrhagic ne- 
crosis occurred at the infected skin site with- 
in a few hours. A generalized Shwartzman re- 


action has been produced in animals with sys- 
temic infections of Vibrio cholera(7), Coryne- 
bacteria and Mycobacterium tuberculosis(8), 
and Group A streptococci(9). The general- 
ized Shwartzman reaction can also be consis- 
tently evoked by the intravenous injection of 
two doses of endotoxin from a number of 
Gram-negative bacteria. The most prominent 
pathological alteration seen in the classical 
generalized Shwartzman reaction has been re- 
ported to be bilateral renal cortical necrosis 
(5,10,11). While studying the interference 
of Brucella endotoxin on the course of a 
Coxiella burnetii infection in guinea pigs, a 
phenomenon was observed which appeared 
analogous to the generalized Shwartzman re- 
action. Guinea pigs infected with the rick- 
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ettsiae for 3 days developed an acute sensi- 
tivity when injected intracardially with Bru- 
cella suis endotoxin. Lipopolysaccharides ex- 
tracted from two other Gram-negative bacteria 
could also be used to provoke animals simi- 
larly prepared. This paper presents data 
concerning the production of this hyperreac- 
tivity in guinea pigs infected with C. burnetii. 

Materials and methods. C. burnetii, AD 
strain, was stored in a quick-frozen state as a 
10% yolk sac suspension in heart infusion 
broth (Difco). Guinea pigs were infected by 
the intraperitoneal (IP) route with 1 ml of 
inoculum appropriately diluted in heart in- 
fusion broth. B. suis endotoxin was prepared 
essentially by the method of Boivin, as de- 
scribed by Kabat and Mayer(12). The IP 
LDs;o of this preparation for 20 g albino mice 
was approximately 0.5 mg. A _ lipopolysac- 
charide extracted and purified from Salmon- 
ella typhosa was kindly supplied by Dr. M. 
Landy of the National Cancer Institute; a 
report from his laboratory has characterized 
this material(13). A similar preparation 
from Escherichia coli was obtained through 
the courtesy of Dr. D. Rowley of the Wright- 
Fleming Institute, London, England; this 
lipopolysaccharide also has been described in 
the literature(14). The provoking dose of 
endotoxin was invariably contained in 0.5 ml 
saline injected intracardially into etherized 
animals. A suspension of inactivated C. bur- 
nettt was used in certain studies as a substi- 
tute for the active rickettsiae. This material 
was prepared as follows: an emulsion contain- 
ing 10° guinea pig IP IDs of the rickettsiae 
per ml was treated with 0.2% formalin and 
incubated for 24 hours on a rotary shaker at 
37°C. One ml of this preparation diluted 
1:10 in heart infusion broth was injected in- 
traperitoneally into guinea pigs as a prepara- 
tive dose. In related studies, treatments with 
serum and antibiotic started on the day of 
infection and continued for 3 days thereafter 
were used to suppress the rickettsial infection. 
Guinea pigs received intramuscularly 1 mg 
tetracycline hydrochloride (Tetracyn, Chas. 
Pfizer and Co.), in 0.1 ml of distilled water 
twice daily. Pooled, filtered homologous 
antiserum was also employed which was ob- 
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TABLE I. Mortalities of Cowiella burnetii Infec- 
ted Guinea Pigs Treated with Brucella Endotoxin. 
10 animals/series. 


iroatanent No. of animals dead 


schedule* | ———— Days after infection ———_, 


(days) I 2s 4 fe) IR ae ates alee aay al} liz TG} 
—] if a al Pe all> Sit 
3 ff i 1 
+8 1 if 5 
=1, 43,18 9 1 
Untreated il Ii ez oe al 
—1,+3,+8 


(uninfected ) 


* 100 wg Brucella endotoxin in 0.5 ml saline inj. 
intracardially per animal. Schedule of treatment 
is relative to the time of infection (0 day) with 10° 
guinea pig IP ID, of C. burnetii. 


tained from guinea pigs that had survived 
for 28 days an infection produced with 10° 
guinea pig IP IDso of C. burnetii. One ml of 
immune serum was injected intraperitoneally 
per animal per day. 

Results. Table I presents the data of a 
typical experiment in which B. suis endotoxin 
was administered to guinea pigs infected with 
C. burnetii. After the rickettsial infection 
was established for 3 days, animals (treat- 
ments +3 and -1, +3, +8) were extremely 
sensitive to injections of 100 pg of the endo- 
toxin, deaths occurring within 6-24 hours 
after treatment. Normal uninfected animals 
appeared refractory to multiple injections of 
Brucella endotoxin, and the susceptibility to 
C. burnetii of infected guinea pigs which sur- 
vived treatment with Brucella endotoxin did 
not appear to change. 

The comparative effects of varied amounts 
of 3 bacterial endotoxins on guinea pigs in- 
fected 3 days previously with C. burnetii are 
presented in Table II. While responses to E. 
coli and S. typhosa lipopolysaccharides were 
obtained with 10 xg amounts which were 
smaller than the 25 vg of Brucella endotoxin 
used, the relative purity of the 3 compounds 
must not be considered identical. The £. coli 
and S. typhosa_ lipopolysaccharides — repre- 
sented more highly purified materials than 
the Brucella endotoxin prepared for these 
studies. 

Guinea pigs infected with C. burnetii dem- 
onstrated a maximum sensitivity to E. coli 
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TABLE II. Comparative Effects of Selected Bac- 
terial Endotoxins on Guinea Pigs Infected with 
Coxiella burnetii. 


Source of Endotoxin* Mortalities,t 
endotoxin (ug) dead/total 
B. suis 100 4/4 
50 2/4 
25 1/4 
0 0/5 
E. coli 50 5/5 
10 5/5 
1 eyes 
S. typhosa 50 4/5 
10 2/4 
1 0/5 


All animals infected 3 days previously with 10® 
guinea pig IP ID; of C. burnetii. 

* Contained in 0.5 ml saline inj. intracardially. 

+ All deaths oeeurred within 24 hr of endotoxin 
treatment. Uninfected animals survived injections 
of 100 ug of the bacterial endotoxins. 


lipopolysaccharide when they were treated 48- 
72 hours post infection (Table III). The in- 
tensity of the response decreased when longer 
periods of time elapsed between the prepara- 
tive rickettsial infection and the provoking 
treatment, although experimentally some ani- 
mals were provoked as late as 8 days after in- 
fection. 

An experiment designed to show the impor- 
tance of the infecting dose of C. burnetii 
when animals were subsequently treated with 
Brucella endotoxin demonstrated that dosages 
as low as 10° guinea pig IP ID;» could be used 
to prepare animals suitably for this reaction. 
The responses of guinea pigs prepared with 
10°, 10, or 10° doses were identical when the 
provoking injection of 100 «g Brucella endo- 
toxin was administered 3 days later. Those 
animals receiving 10° guinea pig IP IDs or 
less did not respond to the provoking chal- 
lenge of endotoxin. This appeared in agree- 
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ment with Landy’s observation that no clear- 
cut dose /effect relationship exists in the dem- 
onstration of this hyperreactive response(15). 

Additional studies, summarized in Table 
IV, were performed to determine if an active 
infection of C. burnetii was required to pre- 
pare guinea pigs for this reaction. Guinea 
pigs which received 10° guinea pig IP ID5o of 
formalin inactivated rickettsiae were unaf- 
fected by a provoking dose of 100 «g Brucella 
endotoxin administered 3 days later. It was 
interesting to note also that when infected ani- 
mals were treated daily with either homolo- 
gous antiserum or Tetracyn for the 3-day in- 
terval between infection and the time of chal- 
lenge they appeared quite resistant to provok- 
ing injections of Brucella endotoxin. The 
success of these therapeutic treatments was 
indicated by the fact that all treated guinea. 
pigs survived the rickettsial infection which 
normally would have killed 70% of the ani- 
mals. 

Further experiments failed to demonstrate 
any increase of rickettsiae in either the blood 


TABLE III. Significance of Time in Provoking 
the Hyperreactive Response in Coxiella burnetii 
Infected Guinea Pigs Treated with Hscherichia. 
coli Lipopolysaccharide. 5 arimals/series. 
Mortalities,t 
dead/total 


0/5 
3/5 
5/5 
5/5 
3/5 
0/5 


Treatment schedule* 


0 day 


OUR Whe 


* 100 wg lipopolysaccharide in 0.5 ml saline inj- 
intracardially per animal after their infection on 0 
day with 108 guinea pig IP ID. of C. burnetii. 

+ All deaths occurred within 24 hr of treatment. 
No uninfected animals died which received lipo- 
polysaccharide alone. 


TABLE IV. Effects of Various Preparative Injections and Subsequent Treatments on the 
Hyperreactivity Response in Guinea Pigs Provoked with Brucella Endotoxin. 


Provoking dose Mortalities,§ 

Preparative inj.* Treatment (for 3 days) (Gntracardially ) dead/total 
C. burnetii None 100 wg B. suis endotoxin 5/5 
Homologous antiserum t Idem 1/5 
Tetracynt x 0/5 
None None 0/5 
Formalin inactivated None 100 vg B. suis endotoxin 0/5 
C. burnetii % None 0/5 


* 10° guinea pig IP ID; inj. [IP/animal. 
twice daily/animal. 


+ 1 ml IP/animal/day. ¢ 1 mg intramuse. 


§ All deaths occurred within 24 hr of endotoxin inj. 
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or the spleen of infected guinea pigs after 
treatment with Brucella endotoxin. Because 
of this, and because deaths occurred so 
quickly—in many cases as early as 6 hours 
after treatment with bacterial endotoxins— 
this phenomenon was considered to be a hy- 
perreactive response, perhaps analogous to 
the generalized Shwartzman reaction. 

In an effort to determine if the observed 
hyperreactivity was a manifestation of the 
generalized Shwartzman reaction, observa- 
tions were made of the gross pathology of 30 
necropsied guinea pigs which had succumbed 
to provoking doses of bacterial endotoxins 3 
days after their infection with C. burnetii. 
Hyperemia of the adrenals and a variable 
amount of congestion of the mesenteric ves- 
sels were consistent findings, together with 
changes in the spleen typical of an early rick- 
ettsial infection. In those infected animals 
surviving the provoking dose of endotoxin 
some indication of adrenal hyperemia was 
present although the reaction was not as 
marked. Congestion of the mesenteric ves- 
sels of the animals in this group was extremely 
variable, both in degree and in occurrence. 

The following organs were routinely re- 
moved for histological studies: liver, spleen, 
heart, lungs, kidneys, adrenals, mesenteric 
lymph nodes and sections of the intestine. 
Microscopic examination of tissues from 7 
infected animals that died of the provoking 
challenge disclosed hemorrhage, hyperemia, 
some leucocytic infiltration into the adrenal 
cortex, and hyperemia of the vessels in the 
adrenal medulla. It should be noted that one 
animal failed to develop this pathology. In- 
dications of an early granulomatous-like reac- 
tion were found in the spleen and liver of all 
the animals in this group. Tissues from 8 of 
11 infected animals which survived the pro- 
voking dose of endotoxin showed a similar 
pathological response, but the changes were 
less prominent, and hemorrhage was occa- 
sionally absent. The remaining 3 guinea pigs 
in this group showed only microscopic evi- 
dence of the rickettsial infection. There was 
no indication of bilateral renal cortical ne- 
crosis in any of the animals examined. 

In a limited number of uninfected guinea 
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pigs treated with bacterial endotoxin no gross 
or microscopic pathology was noted. 

In discussing the significance of these find- 
ings, two observations are worthy of note. 
The first is the consistent presence of adrenal 
pathology in C. burnetii infected guinea pigs 
subsequently treated with endotoxin prepara- 
tions. The second is the complete absence of 
bilateral renal cortical necrosis in this same 
experimental group. Gronchi and Carnielli 
(16) have reported histological studies on the 
adrenals of guinea pigs which received 2 in- 
tracardial injections of a broth filtrate of Z£. 
coli. With this regimen which would elicit 
the generalized Shwartzman reaction they 
noted essentially the same pathology as de- 
scribed here. As an explanation for the ab- 
sence of renal cortical necrosis reported to 
be characteristic of the generalized Shwartz- 
man reaction, it is possible that although this 
lesion is a constant finding in the rabbit, the 
usual laboratory animal for such studies, it 
does not occur in guinea pigs. 

Since the hyperreactivity elicited in C. bur- 
neti infected guinea pigs by subsequent in- 
jections of bacterial endotoxins conforms gen- 
erally in character to the generalized Shwartz- 
man reaction, and because the pathology noted 
is in keeping with observations of others who 
have studied this reaction in guinea pigs, it 
is suggested that the hyperreactivity noted 
here is a manifestation of the generalized 
Shwartzman reaction. 

Summary. Guinea pigs infected for 3 days 
with C. burnetii demonstrated a hyperreac- 
tivity to injections of bacterial endotoxins, 
with deaths occurring 6-24 hours after treat- 
ment. The preparative infectious dose of C. 
burnetii could be as low as 10° guinea pig IP 
IDso. The reaction has been provoked with 
25 »g of Brucella endotoxin while 10 pg of 
purer preparations from &£. coli and S. typhosa 
have produced a similar response. An opti- 
mal period of reactivity existed from 48-72 
hours post infection. Formalin inactivated 
rickettsiae did not prepare animals for this 
reaction and infected guinea pigs treated with 
either rickettsial antiserum or Tetracyn could 
not be provoked by subsequent injections of 
endotoxin. The gross and microscopic studies 
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of selected tissues taken from hyperreactive 
animals consistently revealed hyperemia and 
hemorrhage of the adrenals. The described 
hyperreactivity appears to be a manifestation 
of the generalized Shwartzman reaction. 
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Max THEILER (Introduced by J. Casals) 
From The Rockefeller Foundation Virus Laboratories, New York City 


As a by-product of studies on the course of 
infection of monkeys with virulent yellow 
fever virus(1), it was discovered that bile 
from normal rhesus monkeys had a marked 
virucidal action on the virus. Bile in a dilu- 
tion of 1:50 was shown to inactivate from 3.0 
to 5.0 logs of several strains of yellow fever. 
In extending the experiments to determine the 
action of bile on other agents, it was discov- 
ered that viruses could be divided into two 
groups—one resistant and the other suscep- 
tible to the action of bile. Viruses which were 
resistant were the Lansing and MEF, strains 
of poliomyelitis, the GD VII strain of mouse 
encephalomyelitis and the Mengo strain of 
encephalo-myocarditis. Agents found to be 
susceptible were yellow fever, Uganda S, 
Ntaya, West Nile, dengue 1, dengue 2, St. 
Louis, Japanese B, Iheus, EEE, Bwamba, 
Bunyamwera and Anopheles A. The method 
of determining the degree of virus inactiva- 
tion was to make parallel titrations of the 
virus in the presence or absence of a 1:50 di- 
lution of bile. A summary of such an experi- 
ment appears in Table I. The diluent used 


in these experiments was either 10% normal 
monkey serum in saline or a 0.2 solution of 
bovine albumen (bpa) in saline. 

In the course of these experiments it was 
found that samples of bile from different nor- 
mal rhesus monkeys varied in their capacity 
to inactivate a bile susceptible virus. This 
observation led to the search for a more 
clearly defined chemical substance. The use 
of sodium desoxycholate (DCA) was a logical 
choice as this salt had been used extensively 
in the study of the bile solubility of the pneu- 
mococcus. The results of a preliminary ex- 
periment to determine the action of DCA are 
shown in Table II. In this experiment, the 
action of DCA in two concentrations (1:1000 
and 1:10,000) was tested on yellow fever 
virus and the higher concentration on GD 
VII. In addition, the yellow fever virus was 
titrated in the presence of a 1:50 dilution of 
bile. It will be observed that the 1:1000 dilu- 
tion of DCA inactivated the yellow fever virus 
to approximately the same extent as the 1:50 
dilution of bile, whereas this concentration of 
DCA had no action on the GD VII virus. The 
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TABLE I. Action of Bile on Yellow Fever, Bwamba, GD VII Strain of Mouse Encephalomy- 
elitis and MEF, Strain of Poliomyelitis. ~~ 
————e——————— OO eee—————eEeEeEeEeEeEeEeEy—————EeE 


Dilution Yellow fever Bwamba GD VII MEF, 

>of virus Bile1:50 Control Bile1:50 Control Bile 1:50 Control Bile Control 
Ome 6/ 6 12/12 Ail 12/12 
One 0/8 10/10 0/12 12/12 12712, fe ay y 
05 0/6 a ? a 2 H NPA alalyAla! 
NOme 0/7 9/10 es ye ‘ad A 8/12 
10° 0/8 1/10 {4 5/12 : i? 8/11 PAYA 
10° ee 0/10 0/12 Es 11/12 4/12 1/12 
lO ie 1712 12/13 Alel 
Titer <10% 10+8 <10% 10+° >107* = 19-*6 10°" 10 


higher dilution of DCA had no effect on the 
yellow fever virus. In these experiments, an 
equal portion of the virus dilution was mixed 
with the solution of DCA or bile, and, hence, 
the final dilution of these was 2-fold higher. 
In further work, to determine the action of 
DCA on viruses, this salt was used in a dilu- 
tion of 1:500, so that when mixed with an 
equal quantity of the virus dilution, the con- 
centration in the mixture was 1:1000. Cer- 
tain factors were of vital importance to ob- 
tain clearcut results. It was found that the 
DCA at times failed to inactivate an agent 
which had previously been shown to be sus- 
ceptible. In these instances, it could be read- 
ily shown that the failure of the DCA to in- 
activate the virus was associated with the 
method of preparing the virus suspension. In 
every case of DCA failure, the virus had been 
prepared by light centrifugation. When the 
same virus suspension was submitted to an 
hour’s centrifugation at 10,000 rpm in an 
angle centrifuge, it was readily inactivated by 
the DCA. This method of preparation has 
been adopted as a routine. Another factor, 


TABLE II. Action of Sodium Desoxycholate 
(DCA) on Yellow Fever and GDVII Strain of 
Mouse Encephalomyelitis. 


7—— Yellow fever—————, GD VII 


Virus DCA DCA Bile DCA 
dilution 1:1000 1:10,000 1:50 Control 1:1000 

NO 6/6 6/6 3/6 6/6 

NO 1/6 > 0/6 ie 6/6 
10-4 ” ” ” ” ” 
10° 0/6 ” ” ” ” 
10-% ” ” ” ” ” 
IK ee 2/6 a 2/6 4/6 
Os is 1/5 se 1/6 3/6 
NOR 0/6 
iste an Oeics NOME MO Ae Nee 


which has been shown to be of importance, is 
the concentration of protein in the mixtures. 
It was found that the action of DCA could be 
completely inhibited by the presence of high 
concentrations of protein in the mixtures. 
When a 1:500 dilution of DCA in 0.75% bpa 
was mixed with virus dilutions made in 7.5% 
bpa, no inactivation occurred. Similarly, the 
action of DCA in 10% normal monkey serum 
was completely inhibited when mixed with 
virus dilutions made in undiluted normal 
monkey serum. Consequently, as a standard 
procedure, centrifugation at 10,000 rpm and a 
0.75% bpa diluent has been adopted. The 
rate of inactivation of a virus by DCA has not 
been determined, but it has been found that 
incubating the mixtures for 1 hour at 37°C 
has given satisfactory results. 

The following arbor viruses were inacti- 
vated by DCA. The figures in parentheses in- 
dicate logs of virus inactivated. Group A. 
HEED (30,525), WEE (6.0), VEE (3:00477 \5 
Semliki Forest (4.0, 5.4), Sindbis (2.6, 4.1, 
5.0): Group_B. Yellow fever’ (4.2.5. 1.9321, 
4.5), Japanese B (5.0), St. Louis (3.5, 4.1, 
3.8), lheuss (3:3, .4.8)50 WestiNilem (5:3) 
Uganda S*(2-8; 3.35°3.9)), Zika (3.7) edengue 
1 (3.1), dengue 2 (4.6, 3.7), Russian spring- 
summer (5.0), Ntaya (2.8). Miscellaneous. 
Anopheles A (3.6), Anopheles B (2.5), Wye- 
omyia (3.6), California virus of Hammon and 
Reeves (2.1), Bunyamwera (3.5), Bwamba 
(3.0), Rift Valley fever (2.0), the Sicilian 
(2.8) and the Naples strains of Sandfly fever 
(3.0). In addition, several recently isolated 
agents thought to be arthropod-borne, at pres- 
ent under study and apparently new to sci- 
ence, have all been shown to be inactivated by 
DCA, 
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Results. The following strains of virus 
proved to be resistant to the action of DCA. 
The negative sign before the figures in paren- 
theses indicates that the virus gave a higher 
titer in the presence of DCA than in the con- 
trol. GD VII strain of mouse encephalitis 
(0.0, —0.8, —0.6, —0.6), FA strain of mouse 
encephalomyelitis (—0.3), Coxsackie virus 
(0.3, -0.8, -0.3), MEF, strain of human po- 
liomyelitis (—1.0, —0.5), Mengo strain of 
EMG*(0.1, 0; =80).0)= “It isvotmimteresteto 
note that the agents in the DCA resistant 
group, as a rule, give a slightly higher titer in 
the presence of DCA than they do in the 
controls. 

The finding that viruses could be divided 
into bile salt resistant and susceptible groups 
has been of great value as a preliminary step 
in identification. In the attempted isolation 
of viruses by the inoculation of mice, on nu- 
merous occasions, strains of encephalomye- 
litis virus of mice have been accidentally ob- 
tained. Being resistant to the action of DCA, 
this virus can be readily distinguished from 
the arbor viruses. In recent years, more and 
more arbor viruses (é.g., Sindbis) pathogenic 
for infant mice only have been isolated. These 
can be readily distinguished from the Cox- 
sackie group because the former are suscep- 
tible and the latter resistant to the action of 
DCA. Of unusual interest is the finding that 
the Mengo strain of EMC is resistant. This 
agent has been isolated on several occasions 
from mosquitoes and was for some time con- 
sidered to be arthropod-borne. However, ex- 
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tensive experiments have shown that this 
agent does not multiply in the mosquito and 
no successful experimental transmission by 
bite has been obtained. Infection with this 
agent leads to a viremia and, consequently, it 
is not surprising that at times mosquitoes will 
be caught in nature apparently infected with 
this agent. In many of its characteristics the 
Mengo virus is closely related to the polio 
group of agents. It is of interest here to re- 
call that Kerr(2), by means of the comple- 
ment fixation test, has shown an immunologi- 
cal relationship between the Mengo virus and 
the GD VII strain of mouse encephalomye- 
litis. 

Susceptibility to DCA is not an exclusive 
property of the arbor group of viruses. Agents 
such as influenza A and lymphocyte chorio- 
meningitis are readily inactivated. 


Summary. All arthropod-borne viruses at 
present under study in the Rockefeller Foun- 
dation Virus Laboratories, New York, have 
been shown to be readily inactivated by a 
1:1000 dilution of sodium desoxycholate. The 
only viruses discovered to date which are re- 
sistant to the action of this bile salt are strains 
of human poliomyelitis, mouse encephalomye- 
litis, Coxsackie and encephalomyocarditis 
viruses. 


1. Theiler, M., “The Virus” in Yellow Fever, edited 
by George K. Strode, 1951, McGraw-Hill Book Co., 
Inc. 

2. Kerr, J. A., J. Immunol., 1952, v68, 461. 
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Maze Performance, Emotionality, Audiogenic Seizure Susceptibility in Rats 


and Mice Treated with 2-Dimethylaminoethanol 


(23484) 


R. P. SMirH AND W. Bevan (Introduced by C. C. Pfeiffer) 
Departments of Psychology and Pharmacology, Emory University, Ga. 


The intimate relationship of acetylcholine 
to the transmission of impulses in the nervous 
system has led to the expectation that changes 
in the metabolism of this substance must have 
pronounced effects upon various facets of be- 
havior. This expectation has given rise to a 


number of investigations with confirming re- 
sults. For example Ginsburg and Hovda(1) 
and Ginsburg and Huth(2) have described a 
negative relation between susceptibility to 
audiogenic seizures and several parasympa- 
thomimetic substances. Acetylcholine and 
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eserine reduced the incidence and fatality of 
such attacks. Prostigmine also reduced the 
number of fatalities. In addition they report 
a céntral decrease and peripheral increase of 
free acetylcholine following seizures in a very 
sensitive strain of mice. Rinaldi and Him- 
wich(3) have stated that acetylcholine and 
di-isopropyl-fluorophosphate (D.F.P.) stimu- 
late the “‘mesodiencephalic activating system” 
and that D.F.P. produces signs of anxiety and 
restlessness in human subjects. Krech e¢ al. 
(4) describe reliably higher cholinesterase ac- 
tivity in the visual and somesthetic cortex in 
strains of rats which had been bred to select 
predominantly visual cues in maze learning. 
Such animals learned mazes more quickly 
than those depending primarily upon kines- 
thetic information. Dimethylaminoethanol 
(DMAE) has been studied by Pfeiffer e¢ al. 
(5) as a possible tertiary amine precursor of 
acetylcholine. If DMAE acts as a precursor 
it might be expected to produce behavioral 
alterations similar to those attributed to 
acetylcholine. The studies reported here form 
a part of a larger program initiated by Pfeif- 
fer to investigate the pharmacology, physi- 
ology, and behavioral effects of substances 
which may produce rather long lasting mus- 
carinic stimulation of the brain and which 
may possess ameliorative properties in mental 
disease. In all, 7 experiments involving 2 
genera, were performed. Three were con- 
cerned with the possible effects of DMAE on 
maze performance, 3 with emotionality, and 
one with seizure susceptibility. 


1. T-Maze performance in mice. Two 
groups of male Swiss Albino mice (average 
weight 25 g) were trained to run a 3-unit ele- 
vated T-Maze learned one segment at a time. 
The length/unit was 12 inches and the paths 
were 1.5 inches wide. Learning was defined 
as achieving a proportion of correct responses 
significant at the one per cent confidence level. 
This criterion differs from the usual one in- 
volving a specific proportion of correct re- 
sponses on an arbitrarily designated number 
of trials. It was used to minimize over- 
learning. The incentive for learning was food 
preceded by 23 hours’ fasting. The experi- 
mental group received 1.0% DMAE adminis- 
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tered intravenously; the control group re- 
ceived no pharmacological treatment. Per- 
formance in this as well as all subsequent ex- 
periments was evaluated by non-parametric 
statistical procedures. Two group compari- 
sons were evaluated by means of the Mann- 
Whitney U test: three or more groups by the 
Kruskal-Wallis H_ test. 

The results indicated that performance was 
superior in the control group (median trials 
to criterion: 30 vs. 35). This difference was 
significant at the .01 level (U = 28, m/n = 
12/11). The experimental animals were 
meanwhile noted to be hyperactive and dif- 
ficult to handle. The significance of this for 
the maze data will be discussed later. 

2. Serial-maze performance in mice. Several 
weeks after Exp. 1 the 2 groups described 
above were tested on a 4-unit enclosed serial 
maze (LRLR). The alleys were 3.5 in. wide 
and 16 in. long. Criterion of learning was 
a conventional two consecutive errorless trials 
without retracing. For this experiment the 
drug was administered as 0.05% in drinking 
water to which the experimental group had 
ad libitum access. The mean daily intake 
of DMAE was 2.25 mg. This time no dif- 
ference in trials to criterion was observed 
(experimental median = 22.4; control me- 
diaii==/Z O16 Wits 582 tiny al 27 
05). 


3. Emotionality in mice. Two tests of emo- 
tionality were run on the mice which had 
learned the maze problems. These tests were 
run immediately after learning had occurred 
in each instance. In the Stone stove-pipe 
maze (an L-shaped enclosed opaque alley 
with long arm 36 inches, base 12 inches, and 
short arm 24 inches) emotionality is indicated 
by the time required for the mouse to enter 
a brightly illuminated goal box. In the An- 
derson water-wading test, emotionality is in- 
dicated by the number of boli passed in a 
5-minute period when an animal is placed in 
an enclosed opaque chamber in water one cm 
deep at approximately 25°C. Each animal 
was tested 3 times on each test, individual 
tests being separated by 48 hours. After Exp. 
1 experimentals were more emotional than the 
controls on both tests. (Median time in stove- 
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pipe: 270 sec. vs. 110 sec., U= 13, m/n= 
12/11, P<.001; water wading median num- 
ber of boli==i2.95.1, U = 29 jan nt 27 
P<.025). After Exp. 2 involving oral ad- 
ministration of DMAE, no significant differ- 
ences were found between the groups. 

4. Serial-maze performance in rats. Three 
groups of 4-month-old male and female albino 
rats (total N = 28), derived from Wistar 
stock, were trained in a 4-unit enclosed serial 
maze. They were trained on the first unit to 
criterion, then on Units 1 and 2, Units 1, 2, 
and 3, and finally on Units 1, 2, 3, and 4 to 
criterion. The criterion was the proportion of 
correct responses significant at the one per 
cent significance level. One group served as 
the control (C), the other 2 as experimental 
groups. These latter were placed on the drug 
regimen shortly after weaning. One (E;) re- 
ceived 0.1% solution of DMAE in water for 
ad libitum oral intake, the other (E2) a 1% 
solution. Both E Groups were continued on 
the drug throughout the maze-learning period. 
This was approximately 109 days for E, and 
189 days for Ez. The average daily fluid in- 
take for C, E; and Ep, was 20.1 ml, 18.0 ml, 
and 16.0 ml respectively. 

Performance in the maze problem was meas- 
ured by the following scores: (a) median 
trials to criterion, (b) median total errors to 
criterion, (c) median total time to criterion, 
(d) median errors per trial, (e) median time 
per trial. No significant differences were 
found between the control group and E, (the 
0.1% dose group); Es, however, gave, on the 
average, poorer performance than either C 
or E, on trials to criterion, total errors and 
errors per trial. No difference in performance 
times was noted. The median performance 
scores were as follows: median trials to cri- 
tenions © == 125, Hit 130 he = 1165 eme- 
dian total errors C =="33-. is =5 92) hee 
90; median errors. per) trial: *@ "7 S.ahge= 
35, Es =.51; median total time: C= 
1743”, E, = 36477, Es — 5843”: median 
time. pers .ttials «C ==sli5/40 We s0 4 ie 
30”. The animals in group E2 were observed 
to have frequent spontaneous clonic convul- 
sive attacks, often rather severe. These seiz- 
ures occurred both in the home cage and in 
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the maze and probably account for the poorer 
performance of Ee. 

5. Emotionality in rats. The rats used in 
Exp. 4 were given emotionality tests after 
completion of maze training. Again, 2 tests 
were used: the Stone stovepipe maze, and the 
Anderson water-wading test. No significant 
differences were found between C and E on 
either test, although the medians rank from 
low to high emotionality in the expected di- 
rection (C, E,, E:). The median values for the 
several groups were as follows: water-wading: 
C=4, Ej=35; Ey = 5s tones (en ae 
— 51, E, = 81, E, = 300. 

6. Susceptibility to audiogenic seizures im 
mice. Four groups of mice, one control and 
3 experimental (total N = 20), were tested 
for susceptibility to audiogenic convulsions 
before and after administration of DMAE. 
They were all males of an inbred strain (A 
strain) with an average weight of 30 g on the 
day of first test. Tests consisted of 2-minute 
exposures to noise (average 101 db, range 90 
to 104 db) on alternate days. Prior to ad- 
ministering DMAE to the experimentals, all 
animals were given a sequence of 5 tests. The 
3 experimental groups were then placed on 
ad libitum oral intake of 0.01%, 0.10%, and 
1.0% solutions of the drug respectively. They 
were maintained on this until the experiment 
was completed. The average daily intake 
was 0.6, 5.4, and 40.0 mg respectively. Two 
weeks after onset of drug administration, a 
second series of 5 tests was begun. Seizure 
susceptibility was ascertained by the follow- 
ing measures: (a) frequency index: this is 
the proportion of tests on which a running or 
epileptiform attack was observed; (b) inten- 
sity index: this is a weighted score derived 
from the total number of running and convul- 
sive attacks; (c) latency of first running at- 
tack; (d) latency of first convulsion; (e) 
duration of running prior to convulsion; (f) 
total time in convulsion. After the groups 
were matched, the changes in susceptibility 
from the first to the second test sequence were 
compared. No significant differences were 
found between the control group and the ex- 
perimentals on the frequency index, the 
latency of first epileptoid fit, or the total con- 
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vulsion time. Significant differences (P= 
.02 or less) were found between experimentals 
and controls on the intensity index, the 
latency of first running attack and the dura- 
tion of running prior to the epileptoid se- 
quence. At the end of sequence 2 the experi- 
mentals were almost without exception more 
susceptible than their matched controls. 
Meanwhile no significant differences were 
found among the three experimental groups. 
The controls showed the commonly observed 
decrease in susceptibility with increasing age 
and repeated tests. In contrast, the experi- 
mentals retained their initial sensitivity or 
showed a slight increase in sensitivity. Thus 
on the second sequence of tests, the experi- 
mentals showed more intense attacks, went 
into the running attacks sooner, and ran for a 
shorter period before displaying the epilepti- 
form seizures. 

Discussion. Animals receiving DMAE 
tended to show increased emotionality as in- 
dicated by the Stone and Anderson tests. 
This finding is in agreement with the observa- 
tions of Jenny,* Grob, et al.(6), and Killam 
and Killam.* Jenny reported that rats given 
daily doses of DMAE became more irritable, 
difficult to handle, and exhibited markedly in- 
creased muscular tension as well as spontane- 
ous seizures. Grob showed that the adminis- 
tration of D.F.P. produced symptoms of rest- 
lessness and anxiety in human subjects, while 
Killam and Killam found that DMAE in- 
creased the amount of cortical low voltage 
fast activity and reduced the threshold at 
which reticular stimulation produced a corti- 
cal EEG pattern characteristic of the arousal 
response. 

These findings indicate a correlation be- 
tween the increased emotionality and irritabil- 
ity produced by DMAE in our animals and 
stimulation of the brain stem reticular forma- 
tion. Our finding of increased sensitivity to 
audiogenic seizures might also be expected in 
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light of the above mentioned reports. 

The performance decrements exhibited by 
rats maintained on daily 1% solutions of 
DMAE is interpreted as secondary to in- 
creased emotionality and to the occurrence of 
spontaneous epileptiform seizures during test- 
ing. We have no evidence to indicate that 
learning capacity per se is adversely affected. 
Our data indicate that when hyper-emotional- 
ity disappeared the animals exhibited no per- 
formance decrement. 

Summary. Rats and mice when given 
0.1% and 1.0% solutions of 2-dimethylamino- 
ethanol (DMAE) to drink for prolonged pe- 
riods showed either a decrement or no im- 
provement in maze performance. They ex- 
hibited increased emotionality as measured by 
the Stone and Anderson tests. Rats given 160 
mg/day were subject to frequent spontaneous 
epileptiform seizures. Inbred (A-strain) mice 
when tested for susceptibility to audiogenic 
seizures showed more intense attacks with 
shorter latent periods while on DMAE. The 
decremental effect of DMAE upon maze per- 
formance was interpreted as a secondary ef- 
fect of increased emotionality and/or epilepti- 
form seizures. The facilitatory effect upon 
audiogenic seizure susceptibility is interpreted 
as due probably to stimulation of the brain 
stem reticular formation. 
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Resistance of Respiratory Ciliated Epithelium to Action of Polio and Adeno 


Viruses in vitro. 


(23485) 


G. Barskr, R. Kourtrsky AND Fr. CorNEFERT (Introduced by A. B. Sabin) 
Centre d’Immunopathologie, Hopital Saint Antoine, Paris and Institut Gustave Roussy, 
Villejuif (Seine). 


It has been observed that a tissue entirely 
resistant to a viral infection im vivo may be- 
come highly sensitive to the same infection 
after explantation in vitro. This phenomenon 
is well illustrated by the behavior of the kid- 
ney of the monkey in which no multiplication 
of poliovirus occurs when the agent is inocu- 
lated directly in the organ in vivo but which 
supports a rapid multiplication of the same 
virus when separated from the organism and 
maintained in tissue culture(1). Since the 
dominant feature of the evolution of im vitro 
explanted tissues is their histomorphological 
disorganization and their functional dedif- 
ferentiation, we undertook to investigate with 
certain particular tissues in which the cellu- 
lar differentiation may be easily recognized 
in vitro, the relation between the degree of 
differentiation and the sensitivity to viruses. 
The ciliated epithelium of the respiratory mu- 
cosa appeared to us as a particularly suitable 
material for this study. We used in this work 
in vitro cultures of human (adult and em- 
bryo) and simian (adult) tissues of the bron- 
chial and tracheal lining. To some of these 
cultures were added other cellular implants re- 
markable for their dedifferentiated, astruc- 
tural growth, such as kidney epithelium and 
the human carcinoma HeLa cell strain(2). 
Type I poliovirus and type I adenovirus were 
used as viral agents. 


Material and methods. Tissue cultures. 
All of our chicken plasma embedded cultures 
were prepared on 12 x 32 mm cover slips in 
16 x 160 mm flattened tubes(3). Fragments 
of human bronchial lining tissue were excised 
by biopsy at the intersection of the bronchus 
of the right middle lobe and the main bron- 
chus in adults of both sexes with a normal 
bronchoscopic aspect of their mucosa. The 
fragments (1-2 mm size) were directly trans- 
ferred into cultures in an entirely heterolo- 
gous medium containing 0.5% lactalbumin 


hydrolysate in Earle’s solution supplemented 
with 0.1% yeast extract, 5% bovine embryo 
extract and 10 to 15% horse serum. The 
same medium was also used for the cultures 
of human embryo and monkey tissues (c.f. 
later). Human tracheal tissue was obtained 
from a premature newborn child (51% months 
in utero) 5 hours after death. 0.5 to 1.0 mm 
thick fragments were cut perpendicularly to 
the long axis of the trachea and placed for 
culture with their cut face applied to the 
cover slips. This disposition is essential for 
the observation of the ciliary movement. 
Fragments of monkey trachea were prepared 
in the same way. The sensitivity to polio- 
myelitis virus of the im vitro cultivated tis- 
sues from the African monkeys Erythrocebus 
patas used in this work had been previously 
demonstrated(4) and confirmed(5). In the 
present work the virus sensitivity was tested 
additionally for each individual monkey on 
cultures prepared with one of its kidneys pre- 
viously removed by nephrectomy. It ap- 
peared that the sensitivity of Erythrocebus 
kidney cell cultures to poliovirus was essen- 
tially similar to that of the Asiatic Cynomol- 
gus kidney cultures,* and their sensitivity to 
the type I adenovirus was comparable to that 
of the HeLa strain cultures. Further, plasma 
imbedded or trypsin dispersed cell cultures of 
human embryo kidneys, monkey kidneys and 
the HeLa strain were employed separately, or 
associated in the same tubes with tissues of 
the respiratory tract. Observation of the cul- 
tures was performed either directly in the 
tubes or after mounting the culture bearing 
cover slips in special perfusion chambers(6). 
For more detailed observation the cultures 
were fixed with Bouin fixative and the growth 
area stained with hematoxylin-eosin  di- 
rectly on the culture cover slip. The tissue 
fragments after removal were sectioned for 


* Obtained from Microbiological Associates. 
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slide preparations by the usual histological 
technics. Virus. The Mahoney poliovirus 
type I and the adenovirus Ad. 71 type I 
straint were used. The virus titrations and 
neutralization tests were performed in the 
usual way in tube cultures of trypsinized mon- 
key kidney cells for poliovirus and in similar 
cultures of the HeLa strain for the adenovirus. 

Results. 1. Human bronchial tissue and 
poliovirus. Of the total number of 8 biop- 
sied patients (31 to 62 years old) 6 furnished 
viable tissue material showing after explanta- 
tion im vitro, ciliary movement and cell pro- 
liferation. 

The cilia were particularly active at the 
edges of the fragments where they could be 
observed immediately after explantation and 
over a period of two to three weeks. With 
isolated cells or cell agglomerations this 
vibratile activity ceased after 5 to 6 days. 

Growth, beginning on the 3rd or 4th days, 
was predominantly epithelial. Isolated spots 
of ciliated cells were observed in the growth 
area close to the fragments until the 22nd day 
after explantation. 

HeLa cells implanted in the human bron- 
chial cultures proliferated but did not visibly 
disturb the development and the activity of 
these cultures during a period of observation 
of 15-20 days. 

When 10° I.D.59 of poliovirus were intro- 
duced into this type of, 5 to 7 days old, mixed 
cultures, a complete destruction of the HeLa 
cells occurred after 48 hours whereas in the 
growth area of the bronchial epithelium the 
cytopathogenic process was progressing only 
slowly from the periphery of the growth area 
towards the edges of the fragments; healthy 
areas could be seen in the vicinity of the frag- 
ments as late as 10 days after introduction of 
the virus. High degree of resistance of the 
ciliated cells to virus action could be shown 
in all 6 series of human bronchial cultures. 
Distinct activity of the cilia was observed, 5, 
10, and in one series, 19 days after introduc- 
tion of the virus. This activity was particu- 
larly tenacious on the explants but was also 
observed in the proximate growth area. Dur- 
ing the observation period the virus titers 


+ Received from Dr. R. Huebner, (N.I.H.) 
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were constantly High. This may be illus- 
trated by the example of one series (bronchial 
cultures associated with HeLa cells) in which 
the viral titers were 10°%® 24 h., 1075 48 h. 
and 10° I.D.59 per ml 5 days after infection. 

2. Human embryo trachea cultures and 
poliovirus. Explants of human embryo tra- 
chea have shown a mixed, chiefly epithelial 
growth which started from the 3-4th day and 
became quite extensive after one week. The 
ciliary movement was intense and constant on 
the interior borders of the fragments. 

When 10° I.D.59 of poliovirus were added 
to the mixed trachea-kidney cultures whether 
on the 3rd or on the 7th day, the growth areas 
were entirely destroyed after 48 hours around 
the kidney and after 3 days around the tra- 
chea fragments. Nevertheless uninterrupted 
ciliary activity could be observed 4 days after 
introduction of virus when it was present in 
a titer of 10°IDs5 per ml. 

In sections, the lining epithelial sheet ap- 
peared flattened but composed of entirely 
normal cells, the underlying connective tissue 
was necrotic while the glandular epithelium 
and the cartilage seemed normal. 

3. Monkey trachea cultures and poliovirus. 
The ciliary activity of the explanted monkey 
tracheal fragments was evident during a pe- 
riod of 45 days in vitro. In the growth area, 
predominantly epithelial islands of ciliated 
cells were visible until the 20th day. Mon- 
key kidney tissue fragments or HeLa cells if 
added to these cultures were growing abun- 
dantly, apparently without disturbing the 
tracheal cultures. 10° ID; of virus added to 
these combined cultures induced after 48 
hours a complete destruction of the growing 
HeLa and monkey kidney cells. This was 
followed by a rise in virus titers to 10%-107 
IDs) per ml. Titrations on the Sth day still 
gave titers of 10°° and on the 11th day of 
1022 per ml. 

These high virus concentrations did not ap- 
pear to influence the vibratile activity of the 
ciliary cells which was clearly seen as long as 
10 days after the infection. During this pe- 
riod the growth area of the tracheal epi- 
thelium outside the fragments was progres- 
sively attacked by the virus but uninjured 
narrow epithelial sheets with beating cilia 


) 3 : i a 
FIG. 1. 9 days’ human bronchial culture; 3 days with poliovirus. Active ciliary cells (arrows). 
FIG. 2. 9 days’ monkey kidney culture; 3 days with poliovirus. 
FIG. 3. 9 days’ monkey tracheal culture; 6 days with poliovirus. Nearly normal glandular and 
lining epithelium with active cilia. Connective tissue cells destroyed. 

FIG. 4. 11 days’ monkey tracheal culture; 8 days with poliovirus. Normal lining epithelium. 

FIG. 5. 14 days’ monkey tracheal culture associated with HeLa cells; 4 days with adenovirus. 
HeLa cells (at right) completely destroyed. 

FIG. 6. 16 days’ monkey tracheal culture; 6 days with adenovirus. Virus lesions on the border 
of the growth area. 


(Figs. 1, 2, 5, living cultures. Figs. 3, 4, 7, Bouin fixed and Hem. cosine colored sections. Fig. 6 
colored directly on the cover slip.) 
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could be seen near the explants until the 6th 
day after introduction of the virus. 

In sections of tracheal fragments from in- 
fected cultures (5, 8 and 11 days after addi- 
tion of virus) a continuous sheet of lining col- 
umnar epithelium was seen. In older cul- 
tures, it was often reduced to a monolayer of 
flattened but otherwise normal cells regularly 
dotted with cilia. On the other hand the un- 
derlying connective tissue and smooth muscle 
cells were heavily damaged, distinctly more 
than in the noninfected controls while the 
cells of the columnar epithelium, at different 
levels of the mucosa, retained a practically 
normal aspect. 

4. Cultures of monkey trachea and human 
bronchial tissues infected with adenovirus. 
104 ID;59 (for HeLa cells) of the adenovirus 
added to the HeLa cell or monkey kidney cell 
cultures (whether trypsin dispersed or plasma 
imbedded) induced specific cell lesions within 
48 hours and after 3 days nearly complete 
destruction of both kinds of cultures. A simi- 
lar inoculation of the same amount of virus 
into 10-day-old cultures of monkey trachea 
did not appear to influence the ciliary beat 
which was still observed, on the periphery of 
the explants, 11 and in some cases 16 days 
after the infection. Relatively high virus 
titers were maintained throughout this period. 
This may be illustrated by the following fig- 
ures (ID59/ml of supernatant fluid in trachea 
epithelium cultures associated with HeLa 
cells): 104-8 on the 6th day, 10%? on the 8th 
day, 10°-° on the 11th day. 

The epithelial sheets growing out from the 
tracheal fragments were attacked by the virus 
very slowly. The first specific cellular lesions 
(rounding of cells, intranuclear inclusions) 
began to appear at the periphery of the epi- 
thelial growth areas only 3 to 4 days after in- 
fection, and healthy cells could be seen near 
the fragments as late as 9 days after infection. 

In sections of tracheal fragments after 26 
days in culture and 16 days in presence of the 
adenovirus, normal lining epithelial ciliated 
cells were seen along with typically altered 
cells in the growth area. 

A series of human bronchial tissue cultures 
were prepared from a patient without anti- 
bodies for the adenovirus type I and im- 


>: 


FIG. 7. 15 days’ human bronchial culture; 5 days 
with adenovirus. Normal lining epithelium. One cell 
in mitosis (arrow). 


planted additionally with HeLa cells. After 
inoculation of 10* ID;9 per culture, all HeLa 
cells were destroyed, in 3 to 4 days the bron- 
chial epithelial outgrowth also reacted to the 
virus but more slowly, whereas the epithelial 
sheets lining the fragments and inside the nu- 
merous glandular ducts, tubes or villi main- 
tained a normal appearance during at least 
Gudays (Pigs 7): 

Discussion. 1. The in vitro culture of the 
tracheal and bronchial lining tissue from dif- 
ferent mammalian species was attempted by 
several authors(7,8,9,10). Improvements in 
tissue culture technics made it possible for us 
to maintain 7m vitro in an entirely heterolo- 
gous medium adult human or simian respira- 
tory tract tissues for a period of 30 days or 
more in a state of specific functional activity 
which was accompanied by a certain degree of 
proliferation. 

2. The epithelial sheets extending from the 
explanted bronchial or tracheal fragments ex- 
ceed considerably the surface of the original 
lining epithelium, mitotic figures are frequent 
and consequently these sheets may be consid- 
ered as real growth areas. Thus, the ciliated 
cells appearing in these areas should be re- 
garded as formed and differentiated im vitro. 
Nevertheless the general tendency of these 
growth areas which may be compared to 
cicatricial epithelium(11) is towards dediffer- 
entiation and the ciliated cells definitely dis- 
appear from the growth zone between the 
10th and the 14th days. 

3. The reaction of the tracheal and bron- 


390 


chial epithelium to virus infection im vitro 
parallels this development. The periphery of 
the growth area, where the differentiated cili- 
ated cells never appear, is the first to be at- 
tacked by the virus. On the other hand, the 
original lining epithelium which, more or less, 
retains its primary histological structure most 
efficiently resists the viral action. It must be 
emphasized that owing to the liquefaction of 
the plasma clot near the explants and also to 
the movement of the cilia the surfaces at the 
lining epithelium are in continuous contact 
with viral particles abundantly present in the 
fluid medium. Though the resistance to virus 
may be most easily demonstrated with the 
ciliated epithelium it appears to extend to 
other epithelial elements of the respiratory 
tract and particularly to the glandular epi- 
thelium at the different levels of the mucosa. 

4. We have previously reported a similar 
relative resistance in vitro of the human adult 
tonsil epithelium(12) to poliovirus infection 
and proved that it was independent of the 
state of specific immunity of the tissue donor. 
This fact is confirmed by the present data ob- 
tained with the monkeys and at least one hu- 
man case in which sera were free of specific 
viral antibodies. Moreover, in experiments 
with the monkey and the human embryo tis- 
sues the resistance of the differentiated respir- 
atory epithelium to viruses could be con- 
trasted with the sensitivity of the dedifferen- 
tiated cells originating from the same individ- 
ual. 

5. It may be mentioned that the same kind 
of resistance to virus action we are reporting 
here for human and monkey respiratory mu- 
cosa culture was observed in similar condi- 
tions in mouse trachea cultures and Mengo 
encephalomyelitis virus, an agent highly viru- 
lent and cytopathogenic for mouse tissue in 
vitro.+ Thus the refractory state of the dif- 
ferentiated epithelium of the respiratory tract 
to cytopathogenic viruses in vitro may well 
represent a general phenomenon. It should 
also be noted here that Harford e¢ al.(13,14) 
observed in living mice that the ciliated bron- 
chial epithelium retained its full activity de- 
spite heavy and even lethal infection with a 


{ Unpublished data. 
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virulent influenza virus strain, though Francis 
and Stuart-Harris have shown in ferrets(15) 
as did Panthier ef al. in mice(16) that this 
virus may cause necrosis in the respiratory 
mucosa cells. 

6. The lining epithelium of the respiratory 
tract is considered by many not only as a 
way of entry for a number of viral infections 
but also for some of them as the site of their 
primary multiplication. However several at- 
tempts to use in vitro tissue cultures of the 
respiratory mucosa for the multiplications of 
respiratory viruses(17,18) gave rather un- 
expectedly negative results. These are easier 
to explain in the light of the reported data. 

7. The in vitro resistance of the organized 
tissues of the respiratory tract to the cyto- 
pathogenic action of viruses obviously cannot 
exclude the possibility of latent infection or 
even virus multiplication and release from 
apparently normal cells(19). Closer investi- 
gations are here needed. Anyhow, our ob- 
servations disclose that the well known gen- 
eral protective role of the ciliated epithelium 
ascribed to its mechanical and secretory func- 
tions may be extended to include a high de- 
gree of cellular resistance to virus action 
demonstrable even a long time after their ex- 
plantation im vitro. Further work is neces- 
sary to understand the mechanism of this re- 
sistance and to determine whether it is or is 
not shared with other tissues which are able 
to maintain in vitro their functional differen- 
tiation. 

Summary. 1. Fragments of human adult or 
embryonic bronchial mucosa and of monkey 
trachea cultivated in vitro in heterologous 
media maintain during several weeks their 
morphological and functional differentiation. 
2. High concentrations of poliovirus or of 
adenovirus which rapidly destroyed the de- 
differentiated growth of monkey kidney and 
HeLa strain cells in parallel or in mixed cul- 
tures had little or no destructive action on the 
differentiated respiratory epithelium and did 
not impair its ciliary activity. 
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Cuff for Use with Endpoint Devices for Estimation of Arterial _ 


Blood Pressure of the Rat.* 


(23486) 


THEODORE ROSETT AND PHILIP HANDLER 
Department of Biochemistry, Duke University School of Medicine, Durham, N. C. 


Over the last several years a number of 
endpoint devices have been described, em- 
ploying diverse principles, for estimation of 
the systolic or mean arterial blood pressure of 
the rat. Each of these has been designed to 
be used with an occlusive cuff by means of 
which the applied pressure may be varied. In 
our experience, most of the available cuffs 
have been unsatisfactory and have limited the 
confidence which one may place in data so 
obtained. After some experience with a com- 
mercially available inflatable cufft designed 
to occlude circulation in the hind limb of the 
rat, it became apparent that, to avoid error 
introduced by the manner of placement, tight- 
ness of wrapping, etc., a cuff of fixed circum- 
ference is essential. Fig. 1 describes the prepa- 
ration of such a cuff from the commercially 
available model, adhesive tape and a pair of 
snap fasteners. 

In using the cuff, a few cautions should be 
observed. The width of the tape is critical; 


* This work was supported by grant from Life 
Insurance Medical Research Fund. 
+ Metro Industries, Long Island City, N. Y. 


it should be just wide enough to reach from 
the foot to the thigh, thus accurately reposi- 
tioning the inflatable portion of the cuff in 
subsequent measurements. Rats of different 
sizes require cuffs of proportionate size, i.e., 
of different distances between the snap 
fasteners. A graded series, marked for iden- 
tification, should be kept in stock and care 
taken that the same cuff is used for succes- 
sive measurements with the same animal. 
When used on the tail, rather than on a limb, 
care should be taken that the cuff is replaced 
each time in the same position. 


With these precautions, much of the sub- 
jective error of such measurements is reduced. 
Thus in a series of normal and renal hyper- 
tensive rats with systolic blood pressures 
ranging from 87-160 mm the following results 
were obtained: In 204 instances in which the 
blood pressure of a single animal was deter- 
mined by more than one operator the mean 
deviation from the mean was within 6 mm, in 
432 determinations in which a single operator 
performed repeated determinations on a sin- 
gle rat the mean deviation from the mean was 
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Grete 


1. Commercial animal cuff for use with tensometer. Strip off the ribbon. 
2. Place the bare rubber onto a piece of adhesive tape. Dots indicate sticky side of adhesive 


tape. 


3. Cover part of non-inflatable end of the cuff with another strip of tape. 


For 150 g rats 


about 2.5 cm of inflatable cuff should be stuck to tape. 
4. Cover exposed adhesive sections with 2 strips of tape. 


5. Cover flap with a strip of adhesive tape. 


6. Sew on a pair of small size snap fasteners. For 150 g rats, the snaps should be about 3.0 


cm apart. 
10. Top view of cuff in position. 


7-8. Fold down flap and sew. 


9. Trim to size. 


11. Hold cuff so that free inflatable part is behind rat’s leg. 
12. Wrap free inflatable part of cuff around rat’s ankle. 
13. Snap the cuff shut, and rotate the entire cuff around rat’s leg to insure even wrapping of 


inflatable portion. 


within 3 mm. 
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Factors Influencing the Plate Method for Determining Abundance of 


Bacteria in Sea Water.*t 
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Department of Agricultural Microbiology, Rutgers State University, New Brunswick, N. J. 


Total number of bacteria in sea water as 
determined by plate counts is influenced by 


* This investigation was supported in part by Re- 
search Grant from Natl. Inst. of Allergy and Infec- 
tious Diseases, N.I.H., Public Health Service. 

t+ Journal Series Paper, Department of Agricultural 
Microbiology, N. J. Agric. Exper. Station, Rutgers, 
State University, New Brunswick, N. J. 


numerous factors(1). In this report some ef- 
fects of medium composition and plating pro- 
cedure are described. 

Materials and methods. Sea water was col- 
lected at Long Branch, N. J., approximately 
600 feet off shore in an area subject to neither 
pollution nor dilution. All samples were taken 
at high tide, packed in ice, and transported 
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TABLE I. Influence of Composition of Nutrient Medium on Plate Counts of Bacteria from 
Sea Water. 
a ee ee 
Medium 
Medium % composition* 

constituents if 2 3 4 5 6 7 

Peptone 5 all 5) 5 m3) a) 

Gelatin 3 

Dextrose Sil 

Glycerol 3 

Yeast extract 01 

Beef extract 3 

Ferric ammonium 01 01 O01 

citrate 

Na,EDTA 015 

KEL PO; .005 O01 .O1 .O1 .O1 

FePO, 01 01 

FeCl, 002 

Agar 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
Plate count as % 100 6.2 123.5 36.6 47.4 20.5 38.9 


of medium 1 t 


* In 80% sea water. 


to the laboratory for study. The water had 
a Salinity of 2.9-3.0% and a reaction of pH 
7.9-8.1. Dilution blanks were prepared with 
aged sea water, sterilized by autoclaving. Ap- 
propriate dilutions of the water samples were 
plated, using 3 replicate plates at each dilu- 
tion. Counts were made after 7-10 days of 
incubation at 20°C. 

Results. Table I shows the extent to which 
composition of the nutrient medium influenced 
the plate counts. The results are expressed 
as percentages of the average plate count ob- 
tained with medium 1. Medium 1 was de- 
scribed by ZoBell(2) and is used frequently 
in studies of the abundance and distribution of 
bacteria in marine environments. Medium 2 
was recommended by Reuszer(3) for the cul- 
tivation of marine bacteria. The remaining 
five media were our own formulations. Medi- 
um 3 is medium 1 supplemented with yeast 
extract. Media 4-7 contained different organ- 
ic substrates, but were similar in that phos- 
phate was added as K2HPO, and iron was 
present as the citrate or ethylenediaminetetra- 
acetate chelate. All the media were approxi- 
mately pH 7.5. 

Maximum plate counts were obtained on 
medium 3. Medium 2 yielded the lowest 
counts. The increased count that resulted 
from the addition of yeast extract to ZoBell’s 
medium confirms Jones’ report(4) that yeast 


+t Mean of 8 replicates. 


extract is “‘stimulatory” to marine bacteria. 

Although medium 3 gave maximum plate 
counts, it contained a precipitate (FePOy,), 
the particles of which were easily confused 
with the smaller subsurface colonies. The 
enumeration of colonies on medium 3 was fa- 
cilitated greatly when the liquified agar was 
left undisturbed until the precipitate settled, 
and only the clear supernatant was used for 
the preparation of plates. In media with 
chelating agents (media 4-7) difficulties due 
to precipitation were absent but plate counts 
were low. When medium 3 was prepared us- 
ing distilled water, the plate counts were only 
10% of those obtained when the medium was 
prepared with sea water. 

The plating procedure also influenced the 
total number of colonies that developed from 
sea water on medium 3. Pour plates were 
prepared by adding agar to Petri dishes con- 
taining 1.0 ml of various dilutions of sea water. 
The medium and sea water were mixed thor- 
oughly before the agar solidified. A second 
series of Petri dishes was prepared by adding 
approximately 15 ml of medium to each plate 
and allowing the agar to solidify. The surface 
of the agar was then inoculated with 0.1 ml of 
various dilutions of sea water, and the inocu- 
lum was distributed over the surface of the 
agar by rotating and tilting each plate. Petri 
dish tops made of metal and containing ab- 
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sorbent disks were used to desiccate the agar 
surface partially and thus to prevent spread- 
ing of colonies. 

The number of bacterial colonies that de- 
veloped on pour plates was consistently great- 
er (30-40%) than the number that developed 
on surface-inoculated plates. This difference 
may have resulted from the growth of micro- 
aerophilic or anaerobic bacteria below the 
surface of the agar in pour plates. Colony 
counts were made more easily when a surface 
inoculum was employed; the colonies were 
larger, more uniform in size, and better dis- 
tributed than those on pour plates. 

Summary. The nutritional requirements of 
marine bacteria are so varied that no one 
nutrient medium can suffice for the growth 
of all. The influence of composition of the 
nutrient medium and plating procedure on the 
plate method for determining the number of 


bacteria in sea water was investigated. Seven 
media were tested. Maximum and reproduci- 
ble plate counts were obtained with a medium 
containing 0.5% peptone, 0.01% yeast ex- 
tract, 0.01% FePO,, and 1.5% agar in 80% 
sea water. The number of colonies that de- 
veloped on pour plates was 30-40% greater 
than the number that developed on surface 
inoculated plates. 


The technical assistance of Miss E. Winkler is 
gratefully acknowledged. 
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Attempts to Produce Antibodies to a Preparation of Polyglutamic Acid.* 
(23488) 


PauL H. MAuRER 
Department of Pathology, University of Pittsburgh School of Medicine, Pittsburgh, Pa. 


One of the recently proposed plasma ex- 
panders produced by synthetic methods has 
been poly-L-glutamic acid. Although many 
data have been obtained on the physico-chemi- 
cal and physiological properties of synthetic 
polyamino acids(1), studies on the antigeni- 
city of the polyamino acids themselves have 
been rather scant. The recent investigations 
of Stahmann and coworkers on the anti- 
genicity in rabbits and guinea pigs of various 
polypeptides (polymers, copolymers and mul- 
tico-polymers) either uncoupled or coupled to 
proteins (polypeptidyl proteins) are ex- 
tremely significant and interesting(2,3). This 
report presents data concerning unsuccessful 
attempts to produce detectable antibodies in 


* This investigation was supported by grant from 
Office of Surgeon General, Department of Army, 
upon recommendation of Subcommittee on Shock 
of Natl. Research Council. This is publication No. 
136 of ‘the Pathology Department, University of Pitts- 
burgh School of Medicine. 


man, rabbits and guinea pigs with a prepara- 
tion of poly-L-glutamic acid different from 
the one employed by Stahmann, e¢ al. 

Materials. The sodium poly-L-glutamate 
(PGA) (Lot No. S2035-186C) used in these 
studies was prepared by the American Cyan- 
amid Company according to procedures of 
Dr. E. R. Blout and coworkers. The weight 
average molecular weight of the material as 
determined by viscosimetric and light scat- 
tering technics was approximately 80,000 
which is equivalent to a degree of polymer- 
ization of 620. The preparation of poly- 
glutamyl bovine plasma albumin (#693) 
PGA-BSA which was also used in testing the 
various sera, as described below, was 
kindly supplied by Dr. M. Stahmann. Ana- 
lytical solutions of the above materials were 
prepared by dissolving the materials in pH 
7.4 buffered 0.15 M NaCl and analyzing ali- 
quots for N by the Markham modification of 
the micro Kjeldahl procedure(4). 
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TABLE I. Schedule of Injections of PGA into 
Human Volunteers.* 
Amt of PGA 
No. of inj. per inj. 
»Group volunteers (ng) No. of inj. 
1 6 2 5 
2 6 5 5 
3 6 15 5 
4 6 50 5 


* Saline solutions inj. intramuse. 
No significant skin reactions were observed. 


Methods. 1. Immunization procedures: 
a. Man. Healthy medical student volunteers 
were used. The procedures employed for ob- 
taining pre- and post-immunization bleedings, 
and performing intracutaneous skin testing 
were those previously presented(5). The vol- 
unteers received intramuscular injections of 
varying concentrations of the materials over 
a period of 8 days as summarized in Table I. 
Post injection bleedings were obtained 3 weeks 
after the last injection. All serum samples 
were handled with sterile precautions and in 
addition “merthiolate” (0.01%) and phenol 
(0.25%) were added. b. Rabbits. Various 
immunization technics with alum precipitated 
PGA, or the PGA incorporated in complete 
adjuvant vehicle(6) were employed. For 
. immunization with alum precipitated PGA 
(1.5 mg/ml) the schedule of 4 intravenous 
injections per week for 4 weeks as described 
in (7) was employed. The adjuvant prepara- 
tion contained 25 mg PGA per ml. Rabbits 
received intramuscular injections of 1 ml of 
the material 3 times per week for 3 weeks. 
Cardiac bleedings were performed weekly for 
8 weeks before reinjections of the PGA were 
resumed. The schedule of reinjections is pre- 
sented in Table II. c. Guinea pigs: 1. Five 
guinea pigs (300-400 g) were given 1 ml in- 
jections (1 mg PGA/ml)_intraperitoneally 
every other day for a total of 3 injections. 
Another group of 4 guinea pigs was given one 
intracardiac injection of 5 mg PGA and 3 
other guinea pigs received one intracardiac 
injection of 10 mg PGA. Twenty-two days 
after the last injection all the guinea pigs were 
challenged with 10 mg PGA. The route of 
injection was either by cardiac puncture or 
injection into the foot or penile veins. 2. Six 
guinea pigs were given two 0.5 ml injections 
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of the adjuvant mixture mentioned above. 
Bleedings were taken weekly for 8 weeks 
starting 3 weeks after the last injection. 
2. Testing of Antisera: a. Agar Diffusion— 
All of the pre and post injection sera from 
rabbits and humans were analyzed both by 
the Oudin and Ouchterlony procedures of dif- 
fusion in agar(8). In the Oudin procedure 
the gellified media consisting of equal vol- 
umes of undiluted serum and 0.6% agar were 
overlayered with PGA (0.5 mg N/ml), PGA- 
BSA (0.5 mg N/ml), BSA (0.7 mg N/ml) or 
0.15 M NaCl. The tubes were placed in a 
constant temperature room (20°C) and ob- 
served for 2 weeks. In the Ouchterlony pro- 
cedure undiluted serum was placed in 
the center well and two-fold dilutions of 
PGA (2 mg/ml) were placed in the 6 
surrounding wells. With PGA-BSA the con- 
centrations employed ranged from 2.5 pg N 
to 124.0 yg N/ml. The diffusion plates were 
placed in the cold room and observed daily 
for 2 weeks. In addition to the above sera, a 
serum kindly supplied by Dr. M. Stahmann 
was also included in the experiments.  b. 
Quantitative Precipitin Studies. 3.0 ml ali- 
quots of the sera were set up with varying 
concentrations of polyglutamic acid (1.37 pg 
N to 12.5 pg N) and PGA-BSA (2.6-42.4 
pg N). The mixtures were incubated at 
37°C for % hour and placed in the cold for 2 
weeks. The tubes were then centrifuged and 
analyzed for antibody by the quantitative 
precipitin method of Heidelberger and Mac- 
Pherson(9). c. Passive Transfer Studies. 1. 
1 and 2 ml aliquots of several pools of human 
and rabbit sera were injected intraperitoneally 
into guinea pigs. Forty-eight hours later they 
were injected intravenously with 5 mg PGA. 
2. The passive cutaneous anaphylaxis reac- 


TABLE II. Schedule of Injections of Rabbits 
with PGA. 
Methods of immunization 
——— Course —————_—__, 
Group Rabbits I IT III 
I 6 Alum* Alum Adjuvant 
LE 6 Adjuvantt Adjuvant 


All rabbits bled weekly for 8 wk before reinjec- 
tions began. 


*1.5mg PGA/mnl. 25 mg PGA/ml. 
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tion (PCA) as described by Ovary(10) was 
also attempted employing 12 guinea pigs 
(200-250 g). 0.1 ml volumes of the undiluted 
antiserum and 1>5 and 1>10 dilutions were 
injected intradermally in different sites. Four 
to 6 hours after the intradermal injection, 1.0 
ml of a dye solution (0.25 ml 1% Evans Blue 
and 0.75 ml saline) was injected intra- 
venously. Thirty minutes later a solution of 
PGA (1 mg) and Evans Blue was injected 
intravenously. 

Results. Although positive reactions in 
agar were observed with the serum obtained 
from Dr. Stahmann and PGA-BSA, detectable 
antibodies were not observed in any of the 
sera obtained in this study by the technics of 
diffusion in agar, micro precipitin and passive 
anaphylaxis. In addition none of the guinea 
pigs “immunized” with PGA exhibited active 
anaphylaxis or cutaneous reactions when chal- 
lenged with PGA. 

Discussion. In view of what we know 
about the antigenicity of other materials such 
as pneumococcal polysaccharides(11), dex- 
tran(12), levan(13) and polyvinyl pyrroli- 
done(14), one is not surprised at the results 
obtained by Stahmann on the antigenicity of 
his preparation of PGA. However, the results 
presented in this report were quite unex- 
pected. Of the possible factors contributing 
to the “non-antigenicity” of Blout’s prepara- 
tion of PGA the most plausible one appears 
to be the difference in the properties of the 2 
polyglutamic acid preparations. The method 
of synthesis employed by Blout(15) results in 
a linear preparation with a molecular weight of 
80,000, whereas Stahmann’s preparation is 
branched and has a molecular weight of 13,- 
000. It is not known how these differences in 
properties of the two preparations account for 
the differences in results. Further investiga- 
tions with other polypeptides having different 
physico-chemical properties are necessary to 
answer this question. 

Summary. Data have been presented to 
show that detectable antibodies were not ob- 
served in man, rabbit or the guinea pig 
against a preparation of polyglutamic acid. 
The differences in properties between Blout’s 
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and Stahmann’s PGA have been mentioned 
as the possible reason for differences in anti- 
genicity of the two preparations. 


The author wishes to acknowledge the assistance 
of Dr. H. Mansmann with the skin testing and in- 
jections of the human volunteers. The author also 
wishes to thank Dr. Stahmann both for supplying 
the preparation of PGA-BSA and information about 
his observations on the antigenicity studies with Dr. 
Blout’s preparation of PGA. 
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Effect of Calcium Binding Substances on Rate and Duration of Narcosis. 


(23489) = 


H. Onxst,* J. Jacosy, AND D. G. ScarPEttit 
(Introduced by E. von Haam) 


Departments of Surgery (Anesthesiology) and Pathology, Ohio State University, Columbus 


Marked changes in the intracellular con- 
tent of calcium have been shown to accompany 
narcosis induced by fat solvent anesthetics 
(1,2,3). Although a cellular loss of calcium 
with liquefaction of the cortical gel forms the 
basis of the currently popular colloidal chemi- 
cal theory of anesthesia(3), to our knowledge 
no data exist on the effect of calcium binding 
substances on the induction and duration of 
narcosis. This report is the result of prelimi- 
nary studies directed toward this end. 

Materials and methods. One hundred and 
twenty wild-type male guppies (Lebistes re- 
ticulatus) weighing between 65 and 85 mg 
were kept in an aquarium in Ringer’s solution 
at 25°C and fed Long Life Tropical Fish Food 
once daily. The experimental groups consis- 
ted of 20 fish each. After an experiment the 
groups were returned to the aquarium for a 
minimum rest period of 24 hours before fur- 
ther experiments were undertaken. Various 
experiments were carried out with a 50 mg% 
solution of sodium pentobarbital in Ringer’s 
solution (NaCl 6.7 g, KCl 0.14 g, CaCly 0.12 
g) at 25°C (pH 6.5-6.9) modified with respect 
to the calcium level and the presence or ab- 
sence of disodium ethylenediamine tetraace- 
tate (EDTA) or sodium citrate. The follow- 
ing experimental groups were used: Group A 
(control) Ringer’s solution (1 mM Ca); 
Groups B, H, and I Ringer’s citrate (1 mM 
Ca, 1.3 mM citrate) ; Group C balanced Ring- 
er’s citrate (1 mM Ca, 0.6 mM citrate) ; 
Group D Ringer’s EDTA (1 mM Ca, 2 mM 
EDTA); Group E balanced Ringer’s EDTA 
(1 mM Ca, 1 mM EDTA); Groups F and G 
calcium-free Ringer’s; and Group J Ringer’s 
with excess calcium (10 mM Ca). Groups B, 
H, and I contained an excess of citrate ion 
theoretically capable of binding calcium ion 


* Present address: 3320th USAF Hospital, Amarillo 


Air Force Base, Texas. 
+ National Science Foundation Postdoctoral Fel- 


low in Pathology. 


in the fish, while Group C contained a bal- 
anced calcium citrate solution. Group D con- 
tained an excess of EDTA theoretically capa- 
ble of chelating 1 millimol of calcium ion, 
while Group E contained a balanced solution 
of calcium EDTA. 


Groups G and J were pretreated for 4 hours 
prior to narcosis. Group G fish were pretreated 
in calcium-free Ringer’s solution and Group 
J in Ringer’s with excess calcium. The solu- 
tion in which Group G fish were pretreated 
was quantitatively analyzed for calcium ion 
after pretreatment by the method of Clark 
and Collip(4). Group H fish were placed in 
Ringer’s citrate for 1 hour prior to the induc- 
tion of narcosis. Group I fish were placed in 
Ringer’s solution with pentobarbital for 7.5 
minutes then ‘transferred to Ringer’s citrate 
with pentobarbital. The fish were placed in 
the various solutions and the time required 
for induction of narcosis was recorded. The 
endpoint for narcosis was taken when the fish 
lost purposeful motion and were unable to 
right themselves. Following narcosis the fish 
were removed from the pentobarbital solution 
and placed in Ringer’s solution, where the 
period of recovery was observed and recorded. 

Results. The data for induction and re- 
covery of pentobarbital narcosis in the pres- 
ence of various calcium binding substances are 
summarized in Table I. The true mean in- 
duction times in minutes with the standard 
error for the various groups are: (A) 14.9 + 
(64:4 (B78 22459 (C)e 15.2 4c CD)) 
(es Foy (UOT GaP ae ey (OO Naf ae (er, 
(G28 One S27 Eh) 28. / eo S nL elon 
+ .93, and (J) 13.9 + .86. A comparison of 
the mean induction times for Groups B and 
D with A (control) shows that excess sodium 
citrate (B) shortened the induction time of 
narcosis by 47.7%, while excess disodium 
EDTA (D) shortened it by 52.3%. Essen- 
tially no change was observed in Group C, a 
balanced solution of calcium citrate, in con- 


398 


CaLtcium BINDING SUBSTANCES AND NARCOSIS 


TABLE I. Summary of Data for Induction and Duration of Narcosis in the Presence of Cal- 
cium Binding Agents and in Calcium-Free Ringer’s Solution. 


Sol.: Ringer’s contain- 
ing 50 mg % pentobar- 
bital and modified as 
follows: 


% difference % inerease 


Ca Citrate EDTA Pretreat. Induction comparedto Recovery compared to 

Group - (mM) . time (hr) time (min.) control(A) time (hr) control (A) 

A il 14.9 + .64t ell ae {085i 

B il 1.3 7.8 + .45 — 47.7 1.4 + .13 27.3 

C 1 0.6 15.2 + .54 + 2.0 ey te all? 9.1 

D 1 2 7.1 + .43 — 52.3 3.4 — .22 209.1 

EK 1 1 10.7 + .45 — 28.2 2.2 =e .22 100.0 

F Wel Se of - 8.1 1.6 + .22 45.5 

G 4 28.6 + .82 +91.9 ae oll} yal 

H 1 1.3 1 28.7 + .88 +92.6 2) == 309 gal 

L* il 1.3 Uopll Se ie) + 8.1 Wel ae Ne 27.3 

J 10 4 13.9 + .86 — 6.7 igi Se 0 


* Pretreated in 50 mg % pentobarbital Ringer’s solution for 7.5 min. 


+ S.E. 


trast to the 28.2% shortening of induction 
time by a balanced solution of calcium EDTA 
(E). There was only a minimal decrease in 
induction time with calcium-free Ringer’s 
solution (F), while pretreatment in calcium- 
free Ringer’s for 4 hours prior to narcosis 
(G) lengthened the induction time by 91.9%. 
Similar results were observed by pretreatment 
with citrate for 1 hour (H) where the induc- 
tion time showed a 92.6% increase. Quanti- 
tative analysis of the solution after the 4 hours 
treatment period of Group G fish showed that 
an average of .55 mg of calcium was released 
by each fish. Pretreatment with pentobarbital 
for one-half the mean normal induction time, 
i.e. 7.5 minutes (1), or with Ringer’s solution 
containing a 10-fold increase in calcium for 
4 hours (J) only slightly altered the induction 
time. 

The true mean recovery times in hours with 
the standard error for the various groups are 
as follows: (A) 1.1 + .08, (B) 14 + .13; 
(C) Li2\ee 12) GD )23 4S a2 2) eee ee 
cd (Et) 16 te* 2255 (G) ie 2 ae els CE) 
Hod se*-09. (1) Vase Lo and ep lelpemanllO: 
Marked prolongation of the mean recovery 
time was observed with Ringer’s EDTA (D) 
which showed an increase of 209.1%, with 
balanced EDTA (E) which showed an in- 
crease of 100%, and with calcium-free Ring- 
er’s solution which showed a 45.5% increase. 

Discussion. The presence of calcium bind- 
ing agents(5,6) during pentobarbital narcosis 
shortened the period of induction by approxi- 


mately 50%. While these results are generally 
in accordance with the concept that changes 
in calcium metabolism are of importance in 
narcosis(3), there are several findings which 
are of considerable interest. 

Procedures capable of lowering the calcium 
level of the fish prior to narcosis by either pre- 
treatment in Ringer’s containing 1.3 millimols 
of citrate or in calcium-free Ringer’s solution 
resulted in a prolongation of approximately 
90% in the induction time. On the other 
hand, pretreatment of the fish for one-half the 
mean induction time of the control group in 
Ringer’s solution with pentobarbital, prior to 
being transferred to Ringer’s citrate with pen- 
tobarbital, resulted in essentially no change 
in induction time. Thus it appears that the 
synergistic effect of hypocalcemia on pento- 
barbital narcosis depends on the simultaneous 
introduction of both hypocalcemia and pento- 
barbital. The results observed with calcium- 
free Ringer’s and Ringer’s citrate both with 
and without pretreatment suggest that the 
rate of induction of hypocalcemia by diffusion 
or chemical binding may be of prime im- 
portance in altering the induction time of 
narcosis. 

The failure of balanced calcium citrate solu- 
tion to shorten the induction time and prolong 
recovery time to any extent in contrast to the 
shorter induction time and longer recovery 
time with balanced EDTA corroborates the 
observation of Bersin, ef al.(7) that EDTA 
exerts a synergistic effect on barbiturate nar- 
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cosis. It is interesting to note that the excess 
EDTA solution, which was capable of chelat- 
ing calcium, had a more pronounced effect on 
shortening induction time and prolonging re- 
covery time than the balanced EDTA solu- 
tion. The binding of calcium ions during the 
induction of narcosis by either citrate or 
EDTA resulted in a prolongation of recovery 
time. Thus, it appears that ionized calcium 
is of importance in the rate of recovery from 
narcosis. The anomalous results with refer- 
ence to the recovery times observed when nar- 
cosis was induced in calcium-free Ringer’s so- 
lution and following a 4 hour pretreatment 
period in this solution remain unexplained at 
the present time. 


Pretreatment of the fish in calcium-free 
Ringer’s solution resulted in a loss of calcium 
ions as shown by quantitative analysis. This 
is in accord with observations of Krogh(8) 
who showed that various ions may be removed 
by diffusion, primarily across the gill capil- 
laries, when fish are placed in ion-poor solu- 
tions. The inability of Ringer’s solution con- 
taining excess calcium to modify the induc- 
tion of narcosis even after the 4 hour pre- 
treatment period may indicate either that ex- 
cess intracellular calcium has no effect on nar- 
cosis or that calcium diffuses across cellular 
membranes and becomes incorporated into the 
cell with great difficulty. 


Summary. 1. The induction time of pento- 
barbital narcosis was shortened by 50% when 
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carried out in the presence of calcium binding 
substances. 2. Rerfoval of calcium by bind- 
ing with citrate ion or pretreatment of the fish 
in calcium-free Ringer’s solution prior to in- 
duction of pentobarbital narcosis resulted in 
a prolongation of the induction time (90%). 
3. Balanced calcium EDTA solution short- 
ened the induction time (30%) and length- 
ened the recovery time (100%) in spite of its 
theoretical inability to chelate calcium, while 
excess EDTA caused a greater shortening in 
induction time (50%) and lengthening in the 
recovery time (200%). 4. Excess calcium 
exerted no effect on induction or recovery of 
pentobarbital narcosis. 
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As a preliminary step in the investigation 
of certain enzyme systems in Mucrococcus 
freudenreichii, it became desirable to grow 
the organism in a chemically defined medium 
which was capable of producing a high yield 
of cells. When a search of the literature 
failed to reveal the necessary information con- 

* This study was supported by grant-in-aid from 
Robert A. Welch Fn. 


cerning the nutritional requirements of this 
organism, an investigation of these require- 
ments was undertaken. 

Materials and methods. Cultures and 
inocula. The culture employed in the studies 
was Micrococcus freudenreichi ATCC 8459. 
It was maintained on a stab in stock medium 
containing peptonized milk, 0.1%; tryptone, 
0.1%; filtered tomato juice, 20%; and agar, 
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TABLE I. Composition of Basal Medium. 


Amt/100 ml of 
double strength 
medium 


Component 


Sodium acetate + 3H,O0 2.4 g 
Ammonium chloride 53 
Sucrose 3.0 
Adenine sulfate 3) mg 
Guanine + HCl 3 
Xanthine 3 
Kee Os 100 
Knee oO, 100 
MgSO, + 7H,0 40 
NaCl 2 
FeSO, - 7H,O 2 
MnSO, - HO 1.5 
DL-Alanine 80 
L-Arginine + HCl 48.5 
L-Asparagine* 80 
DL-Aspartic acid 20 
L-Cysteine + HCl 10 
DL-Glutamie acid 60 
Glycine 20 
L-Histidine + HCl NS) 
L-lsoleucine 50 
DL-Leueine 50 
L-Lysine + HCl 50 
DL-Methionine 20 
DL-Phenylalanine 20 
L-Proline 20 
DL-Serine 10 
DL-Threonine 4() 
DL-Tryptophan 8 
L-Tyrosine 20 
DL-Valine 50 
Calcium pantothenate 5) 
Thiamine + HC] +5 
Riboflavin m5) 
Nicotinie acid il 
Pyridoxine - HCl i 
p-Aminobenzoi¢ acid al 
Biotin 1 ug 
Fohe acid 10 


* L-Asparagine was included in basal medium 
only for those experiments which tested amino acid 
requirements of the organism. When it was found 
that shghtly better growth was obtained in the ab- 
sence of asparagine, this compound was omitted 
from subsequent experiments. 


1.5%. Transfers were made at monthly in- 
tervals and were incubated at 26°C for ap- 
proximately 24 hours. Inoculum medium 
was identical to the above with agar omitted. 
A transfer was made from stock culture ap- 
proximately 8 hours before the inoculum was 
needed, and this was incubated at 26°C. The 
cells were centrifuged, washed twice in sterile 
0.9% saline solution, then resuspended in the 
saline solution to give a reading of 70 to 80% 
transmittance in the Bausch and Lomb photo- 
electric colorimeter with a 660 my filter. Each 
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assay tube was inoculated with a single drop 
of this suspension. Basal medium. Composi- 
tion of the basal medium is shown in Table I. 
Final pH of the medium was adjusted to 7.0. 
Procedure for growth tests. In determining 
essentiality of various nutrients for growth, 
each compound was omitted individually from 
the basal medium. Six ml of single strength 
basal medium were added to each 18 x 150 
mm culture tube, covered with aluminum 
caps, and autoclaved five minutes at 121°C. 
After the tubes had cooled, they were inocu- 
lated and incubated at 26°C until maximum 
growth. Growth was determined by turbidi- 
metric reading in a Bausch and Lomb photo- 
electric colorimeter using a 660 muy filter. 


Results. Effect of CO,. In early experi- 
ments, it was found that growth was often 
slow and light, and that results were difficult 
to duplicate. When COs, was supplied by the 
addition of a filter sterilized solution of 
NaHCoOs, growth was found to be much more 
rapid, heavier, and more reproducible from 
one experiment to another. In view of these 
effects, 0.2 mM of NaHCO; was routinely in- 
cluded in each 6 ml culture by addition of a 
filter sterilized solution to the autoclaved me- 
dium. 


The stimulatory effect of CO. on the growth 
of M. freudenreichii is similar to that observed 
by previous workers with various other micro- 
organisms(1,2) and to results obtained in pre- 
vious work in our laboratory with Strepto- 
coccus bovis(3,4). In the latter instance, 
however, COz was implicated in the synthesis 
of amino acids, both by the finding that 
C™O,. was rapidly incorporated into the car- 
bon skeleton of amino acids, and by the fact 
that CO» was not required when the medium 
contained a complete mixture of amino acids. 
It is unlikely that CO. functions in the syn- 
thesis of amino acids in M. freudenreichii 
when a complete mixture is supplied. The 
likelihood exists that COs functions in other 
synthetic pathways, however. 

Amino acid requirements. In repeated ex- 
periments, the omission of any one of the fol- 
lowing amino acids resulted in growth fail- 
ures: arginine, glutamic acid, histidine, leu- 
cine, methionine, threonine, tryptophan, and 
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FIG. 1. Growth rates of MW. freudenreichii on 3 com- 

plete amino acid mixtures. A, mixture in basal me- 

dium. B, mixture of Henderson and Snell(6). C, 
mixture shown in Table II. 


valine. If, however, NaHCO; were omitted 
from the medium, the organism required as- 
partic acid in addition to the amino acids 
listed above. Asparagine was incapable of re- 
placing aspartic acid in the absence of COs. 
It is well known that commercial samples of 
leucine, isoleucine, and valine are sometimes 
cross-contaminated with each other. The leu- 
cine, isoleucine, and valine used in_ these 
studies were free of such contamination as 
shown by assay with Lactobacillus plantarum 
(Lactobacillus arabinosus 17-5). 

Attempts were made to grow M. freuden- 
reichii in a medium identical to the basal me- 
dium except that the complete amino acid 
mixture was replaced by a mixture containing 
only the essential amino acids in the same ra- 
tio in which they occur in the complete mix- 
ture. These efforts were unsuccessful, but 
moderate to heavy growth could be obtained 
from the essential amino acids after prolonged 
incubation by altering the ratios of histidine 
to arginine and of leucine to valine to values 
of 3:1 or 4:1. The addition of alanine, gly- 
cine, isoleucine, phenylalanine, and serine to 
the 8 essential amino acids produced more 
rapid growth, but the lag phase was still 
longer than when the complete amino acid 
mixture was supplied. 

Because one of the objectives of the inves- 
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tigation was to find a medium which would 
support vigorous growth of M. freudenreichii, 
different complete mixtures of amino acids 
were tested for ability to produce heavy cell 
yields. Fig. 1 shows the results obtained 
when different amino acid mixtures were com- 
pared in the presence of NaHCO;. Mixture 
A was contained in the basal medium and is 
similar to that of Sauberlich and Baumann 
(5). Mixture B is that of Henderson and 
Snell(6), and Mixture C has the composition 
shown in Table II. All 3 mixtures are very 
similar qualitatively, but show considerable 
variations in the ratios of individual amino 
acids. It is obvious that growth of M. freu- 
denreichii is affected to a considerable extent 
by the relative amounts of various amino 
acids in the medium. 


Vitamin requirements. When all vitamins 
were omitted, little if any growth occurred. 
Upon the individual omission of each vitamin, 
repeated tests showed that absence of no sin- 
gle vitamin caused complete growth failures. 
The absence of pantothenic acid, folic acid, 
and riboflavin reduced the growth drastically, 
however, and niacin and pyridoxine both ap- 
peared to possess a slight stimulatory effect, 
although not nearly so marked as that of the 
first 3 compounds. Thiamine, biotin, and p- 
amino-benzoic acid could be left out without 
any effect on growth. 


TABLE II. Composition of Amino Acid Mixture 


C. 


mg/100 ml of 
double strength 


Component medium 


DL-Alanine 68.7 
L-Arginine + HCl 83.1 
L-Aspartic acid 34.4 
L-Oysteine + HCl We 
L-Glutamie acid 103.0 
Glycine 34.4 
L-Histidine +» HCl Ales 
DL-Isoleucine 85.9 
DL-Leucine 85.9 
L-Lysine > HCl 85.9 
DL-Methionine 34.4 
DL-Phenylalanine 34.4 
L-Proline 34.4 
DL-Serine 17.2 
DL-Threonine 68.7 


DL-Tryptophan 
L-Tyrosine 
DL-Valine 
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The possibility existed that the 3 most 
stimulatory vitamins were, in reality, essential 
to growth of the organism, and that small 
amounts were being supplied as contaminants 
from other constituents of the medium. In 
order to test the possibility that the vitamins 
used were cross-contaminated, a complete lot 
of new vitamins was opened and the tests were 
repeated several times, with the same results 
as above. If contamination were involved, it 
seems likely that it came from some con- 
stituent of the medium besides the other vita- 
mins. Alternatively, the organism may be 
capable of synthesizing pantothenic acid, folic 
acid, and riboflavin at sub-optimal rates 
which permit limited growth. 


Purine and pyrimidine requirements. The 
omission of all purines and pyrimidines from 
the otherwise complete medium resulted in 
growth failures. It was found that individual 
addition of adenine, guanine, xanthine, hy- 
poxanthine, adenosine, guanosine, or xantho- 
sine supported heavy growth of WM. freuden- 
reich. Thymine, uracil, cytosine or thymi- 
dine were incapable of supporting growth. It 
appears, then, that the requirement of the or- 
ganism can be met by any purine or its ribo- 
side, but not by pyrimidines or their pento- 
sides. 

Carbohydrate requirements. Out of 21 
carbohydrates tested, heavy growth was sup- 
ported by glucose, maltose, trehalose, fruc- 
tose, mannose, sucrose, lactose, starch, and 
galactose. It thus appears that the organism 
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can use a wide variety of carbohydrates as its 
energy source. 

Summary. The nutritional requirements of 
Micrococcus freudenreichii 8459 for amino 
acids, vitamins, purines, pyrimidines, and car- 
bohydrates have been studied. Three com- 
plete mixtures of amino acids gave consider- 
able variation in growth, indicating that the 
organism is sensitive to the ratios of the vari- 
ous amino acids present. Eight amino acids 
were indispensable for growth. No single 
vitamin was shown to be essential, but growth 
was light in the absence of pantothenic acid, 
riboflavin, or folic acid. The single addition 
of any of the purines or purine ribosides tested 
supported heavy growth, but none of the py- 
rimidines or their pentose derivatives tested 
permitted growth in the absence of a purine. 
Of 21 carbohydrates tested, 9 were capable 
of serving as an energy source for M. freuden- 
reich. Growth was greatly improved when 
CO. was supplied to the medium as NaHCO3. 
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Effects of High Fat and Carbohydrate Diets on Rat Liver Phosphatase.* 
(23491) 


Marceto E. Nrmnr (Introduced by E. Geiger) 
Department of Biochemistry and Nutrition, University of S. California Medical School, Los Angeles 


The fact that adaptation of rats to a high 
fat diet increases the rate of utilization of fat 
and decreases that of carbohydrate during a 
subsequent fasting period(1,2) suggested the 


* Supported by grant from Dairy Industry Ad- 
visory Board of State of California. 


possibility that with the change in metabolic 
pattern, the activity of some enzymes involved 
in carbohydrate metabolism may also be al- 
tered. We considered particularly alkaline 
phosphatase because several authors had 
shown that the phosphatase activity of some 
tissues underwent changes due to starvation, 
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protein depletion, and the feeding of different 
diets(3,4,5,6). Bellini and Cera(7) reported 
an increase of phosphatase activity in the rat 
intestine after the ingestion of neutral fats. 
This effect varied inversely with the chain 
length for butyric, lauric and stearic acids. 
Oleic acid was more active in increasing the 
activity than were the saturated fatty acids 
(8). It has also been shown that alkaline 
phosphatase activity in rat intestine decreases 
during fasting and increases during feeding. 
Furthermore, a meal containing fat causes a 
greater increase in lymph and plasma alkaline 
phosphatase activity than does a fat-free meal 
(9). The increase of alkaline phosphatase in 
the intestinal lymph following a fat contain- 
ing meal does not occur in rats with biliary 
fistula or after ligation of the bile duct(10). 
Histochemical determinations of the acid and 
alkaline phosphatase activities of the small 
intestine of the rat have failed, however, to 
show any difference in activity after feeding 
high carbohydrate, high fat or high protein 
diets(11). In human subjects and in albino 
rats, serum alkaline phosphatase was lowered 
by fasting and raised by ingestion of fat. Pro- 
teins and carbohydrate had no effect(12). 

In the following experiments liver phospha- 
tase activity was studied during the absorp- 
tive and post-absorptive periods in rats 
adapted to a high fat diet, and in non-adapted 
rats fed a single high fat meal. 

Materials and methods. Male adult Wistar 
rats were used throughout these experiments. 
‘They were housed in individual cages and fed 
ad lib. All diets were compounded so that 
casein supplied 15.5% of the total caloric con- 
tent. These diets maintained satisfactory 
growth in all cases. 

Composition of high carbohydrate diet: 
Casein 315 g, USP salt mixture #5 105 g, 
cane sugar 105 g, corn starch 1575 g, choline 
HCl 3 g, methyl linoleate 3 g, corn oil 15 g. 

Composition of the high fat diet: Casein 
315 g, USP salt mixture #5 96 g, cane sugar 


60 g, butter fat 684 g, ruffex 60 g, cho- 
line HCl 3 g, methyl linoleate 3 g. corn 
oil 15 g. All diets were supplemented 


with vitamins to previously established levels 
(13). For determination of alkaline phos- 
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phatase activity, rats were sacrificed by 
means of a blow-on the neck. The me- 
dian lobe of the liver was removed, weighed, 
and homogenized in a_ Potter-Elvehjem 
homogenizer at high speed for 3 minutes. 
A 20% homogenate was made by diluting 
with ice cold distilled water. During the ho- 
mogenizing period the tube was immersed in 
ice cold water. The homogenate was then 
filtered through a thin layer of surgical cotton 
in the cold room. The phosphatase activity 
was measured immediately. The Bessey, 
Lowry and Brock method(14) which uses p- 
nitrophenol phosphatet as a substrate was 
modified in order to avoid the turbidity inter- 
ference due to the presence of insoluble par- 
ticles. We therefore adapted the method for 
determining phosphatase activity in tissue 
homogenates as follows: For measuring alka- 
line phosphatase activity 1 ml of the glycine 
buffered substrate previously adjusted to pH 
9.4 was pipeted into a test tube. It was kept 
for 5 minutes in a water bath at 38°C. An 
aliquot of liver homogenate (0.1-0.2 ml) was 
pipeted into the tube and the solution incu- 
bated at 38°C for thirty minutes. At the end 
of the incubation period the enzyme was in- 
activated by addition of 2 ml of a 10% solu- 
tion of trichloroacetic acid. Sufficient water 
was then added to bring the final volume to 
10.9 ml. The sample was filtered through 
Whatman #40 paper and 0.2 ml of 40% 
NaOH was then added to the filtrate. The 
color developed was read at a wavelength of 
420 mp» with a Lumetron colorimeter. Acid 
phosphatase activity was measured by the 
same procedure at pH 4.8 using a citric acid 
buffer. This method, which eliminates the 
correction for turbidity, gave reproducible re- 
sults throughout all the experiments. The ac- 
tivity was expressed in Bessey-Lowry units. 
A “B-L” unit or millimolar unit is the amount 
of phosphatase which will liberate 1 mM of 
p-nitrophenol per hour/1000 g of liver. 
Results. Table I shows the effects of a 
33-day adaptation to high fat and high carbo- 
hydrate diets. A group fed Rockland rat pel- 
lets, which is essentially a high carbohydrate 
diet (4.0% fat), is also included. The rats 
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TABLE I. Effect of Prolonged Feeding of a High Fat and High Carbohydrate Diet on Liver 
Phosphatase Activity during Absorption. 


B-L units B-L units 
Adaptation alkaline acid 
Group No. rats Diet period phosphatase phosphatase 
if 5 Rockland rat pellets 40h 
II 7 High CHO 33 days 146+ .9 498 + 20 
III it HEM a 20.2 + 2.7 517 + 12 


were sacrificed during the absorptive period, 
at which time food was still present in their 
stomachs and intestines. 

Alkaline phosphatase activity was signifi- 
cantly increased for the high fat group, as 
compared to the other two. No difference was 
evident between the high carbohydrate and 
the Rockland fed animals. 

No significant changes were noticed in the 
acid phosphatase activity for the high carbo- 
hydrate and high fat groups. : 

The effect of a 12-hour fast in animals 
which were previously fed a high fat and high 
carbohydrate diet for 30 days was investi- 
gated in a second group of experiments (Table 
II). No difference was observed in the liver 
alkaline phosphatase activity. 

Finally Table III shows the phosphatase 
activity after a single meal of the high fat 
diet was consumed by animals previously fed 
the Rockland stock diet. The rats in this ex- 
periment were sacrificed during the absorp- 
tive period. As in experiment 1 the alkaline 
phosphatase activity was increased in com- 
parison to the activity in controls fed the 
Rockland diet. 

Discussion. The feeding of a high fat diet 
increased the alkaline phosphatase activity of 
rat liver during the absorption period. Acid 
phosphatase activity did not show any sig- 
nificant change. This increase of activity oc- 
curred only during absorption. Adaptation 
to high fat diets failed to produce any in- 
crease which would persist into the post-ab- 


TABLE IIL. Effect of Prolonged Feeding of High 
Fat and High Carbohydrate Diet on Liver Phos- 
phatase Activity after 12 Hr Fasting. 


B-L units 
No. Adaptation alkaline 
Group rats Diet period phosphatase 
I il High CHO 30 days 145+ .8 
UL 6 eeetat 30) 4 14.5 + 3.4 


TABLE III. Effect of a Single Meal of High Fat 
Diet on the Liver Alkaline Phosphatase Activity 
during Absorption. 


B-L units 
No. alkaline 
Group. rats Diet phosphatase 
I 8 High fat 23.3 + 3.5 
II 5 Rockland rat pellets 14.0+ .3 


sorptive period. Thus it would appear that 
during fat absorption a transient increase of 
alkaline phosphatase activity occurs in the 
liver. The feeding of a single high fat meal 
increased the alkaline phosphatase activity of 
the liver during absorption in the same man- 
ner as did feeding a high fat diet over a con- 
siderable period of time. 

These findings are in accord with those of 
other authors, who demonstrated that alkaline 
phosphatase activity of intestine and lymph 
increases during the feeding of fats. 

Summary. 1. Feeding of a high fat diet 
increased the alkaline phosphatase activity 
of rat liver during the absorptive period. This 
activity returned to normal after a 12-hour 
fast. Adaptation to a high fat diet for 30 
days did not alter this pattern. 2. These re- 
sults indicate that the increase of alkaline 
phosphatase activity after feeding of fat is a 
transitory result of fat absorption and not a 
consequence of change of metabolic pattern 
due to fat adaptation. 3. The method using 
p-nitrophenol phosphate as a substrate was 
modified for determining phosphatase activ- 
ity in tissue homogenates. 


The author wishes to thank Dr. Ernest Geiger for 
his suggestions and counsel. 
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Androgen and the myo-Inositol Content of Male Accessory Organs of the 


Rat.* 


(23492) 


R. M. MELAmpy AND R. B. Mason 
Towa Agricultural Experiment Station, Ames 


The function of inositol in animal and plant 
physiology has been the subject of many in- 
vestigations since its discovery more than one 
hundred years ago by Scherer(1). Inositol 
is required for growth of certain yeasts(2) and 
mice(3), and a dietary deficiency of this fac- 
tor in hamsters is associated with reproduc- 
tive disturbances(4). The importance of in- 
ositol as a lipotropic substance has been es- 
tablished(5). Furthermore, it has been dem- 
onstrated that myo-inositol is an essential 
growth factor for normal and malignant hu- 
man cells in tissue culture(6,7). Mann(8) 
has reported the occurrence of relatively large 
quantities of free inositol in the seminal vesi- 
cles of the boar. Inositol was present to the 
extent of 2 to 3 g per 100 ml of seminal 
vesicle secretion. 


The investigation presented here deals with 
the myo-inositol content of the male accessory 
organs of the rat during growth and the influ- 
ence of androgen on the myo-inositol content 
of these organs. The significance of inositol in 
male accessory organs and secretions is ob- 
scure. It may be involved in the carbohydrate 


* Journal Paper No. J-3256 of the Iowa Agric. 
and Home Economics Exp. Station, Ames, Ia. Pro- 
ject No. 1325. Acknowledgement is made of research 
grants, Office of Naval Research and Nat. Cancer 
Inst. of U.S.P.H.S., Department of Health, Educa- 
tion and Welfare. 


metabolism of these organs. Stetten and Stet- 
ten(9) demonstrated that deutero-labeled in- 
ositol is converted to glucose by the rat. 
Daughaday et al.(10) using glucose uniform- 
ly labeled with C'* showed that in the imma- 
ture rat and chick embryo endogenous syn- 
thesis of inositol occurs. 

Methods. Male rats of the Holtzman strain 
were used in this investigation and were fed 
Purina Laboratory Chow and raw carrots. The 
seminal vesicles, coagulating glands, dorsal 
and ventral prostates, and Cowper’s glands 
were used in this study. Secretion-free organs 
were prepared by splitting glands lengthwise 
and removing the secretion by blotting on filter 
paper. Bilateral castration was performed on 
animals in which the effects of gonadectomy 
and androgen replacement were studied. A 
period of at least 20 days was allowed follow- 
ing castration for the regression of the male 
accessory organs. Testosterone propionate in 
oilt was given subcutaneously in daily doses 
of 500 wg. The selective uptake of mvyo-inosi- 
tol by the seminal vesicles and dorsal prostates 
of castrate rats was studied. Myo-inositol was 
administered by stomach tube (25 mg per 100 
g body wt) to fasting castrate and hormone- 
treated castrates 12, 8 and 4 hours before they 
were sacrificed. d/yo-inositol was isolated and 
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TABLE I. Effect of Acid Hydrolysis on Recovery of Myo-inositol Added to Rat Accessory 
Organs. 


a ———— 


MALe AccCESSORY ORGANS 


ug myo-inositol 


>) Jo Avg % 
Organ Sample Added Sample Recovered recovery recovery 
Seminal vesicles 1 0) 9161 
2 1400 10492 1331 95 
Coagulating glands 1 0 1400 
2 2800 4140 2740 98 
Dorsal prostates 1 0 3450 
2 1000 4550 1100 110 101 


identified from pooled accessory organs of 
mature rats using the method of Halliday and 
Anderson(11). The isolated compound gave 
a melting point of 222-223°C. Furthermore, 
myo-inositol hexacetate (mp 217°C) was pre- 
pared from the isolated myo-inositol. Micro- 
biological assays for inositol were carried out 
using Neurospora crassa 37401 according to 
a procedure described by Beadle(12). Acces- 
sory organs to be assayed were removed from 
the animals, weighed and hydrolyzed in 4N 
sulphuric acid in an autoclave for 2 hours at 
15 lb pressure. Hydrolyzates were adjusted 
to a pH of 5.5 with sodium hydroxide and 
diluted to volume prior to assay. Recovery 
assays were carried out in which different 
levels of myo-inositol were added to samples 
of seminal vesicles, coagulating glands, and 
dorsal prostates before hydrolysis. These data 
are presented in Table I. It is noted that the 
average recovery was 101%. These data 
would suggest that little, if any, myo-inositol 
is lost during the hydrolysis procedure. Dur- 
ing this investigation it was found that the 
myo-inositol present in the male accessory or- 
gans of the rat is available to Neurospora 
crassa without prior acid hydrolysis. Tissue 


may be prepared for assay by homoge- 
nization and subsequent centrifugation or fil- 
tration or dialysis. 

Results. Animals were selected at different 
stages of maturity to furnish data in the myo- 
inositol content of rat male accessory 
organs during development. These data 
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are presented in Table II. The effects of 
castration and androgen replacement on the 
myo-inositol content of rat accessory organs 
are presented in Tables III and IV, respec- 
tively. Data are presented in Table V show- 
ing the influence of androgen replacement and 
stomach-feeding of myo-inositol on the semi- 
nal vesicles and dorsal prostates of the cas- 
trate rat. 

Discussion. The data presented in Table 
II show increases in weights and myo-inositol 
contents of male accessory organs during 
growth of the rat. The marked differences 
noted between Groups 4 and 5 occurred at the 
time of increased gonadal androgen produc- 
tion at puberty. The myo-inositol concentra- 
tion increased during growth of the seminal 
vesicles, coagulating glands and dorsal pros- 
tates whereas a decrease in concentration was 
noted in the dorsal prostates and Cowper’s 


TABLE IT, Changes in Myo-inositol Content of Male Accessory Organs during Growth. 


Coagulating Cowper’s 
Seminal vesicles glands Dorsal prostates Ventral prostates glands 
Animals Body Wt = Inositol Wt Inositol Wt Inositol Wt Inositol Wt Inositol 

per group wt(g) (mg) (ug) (mg) (wg) (mg) (wg) = (mg) (wg) ang) (ug) 
10 63* 8* 20* Sm 10* 13* 58* 29* 75* is 2* 

10 88 12 26 5 14 18 81 42 Di 2 3 

10 122 22 59 7 29 26 136 46 135 3 5 

10 147 27 69 10 49 32 162 59 162 5 4 

5 190 90 269 23 87 57 332 nme) 261 19 21 

5 219 271 763 55 203 101 576 174 366 33 31 

5 262 466 1613 72 275 112 672 225 463 42 42 

5 385 945 5239 151 664 244 «1704 594 978 67 44 


* Mean. 


tol Content of Secretion-Free Male Accessory Organs of the Rat. 
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Effect of Castrat 


TABLE IIT. 


Dorsal prostates Ventral prostates Cowper’s glands 


Coagulating glands 


Seminal vesicles 


Inositol 


Inositol Inositol 


Inositol 


Inositol 


Animals 


Days after 


(ug) 


(ug) Wt (mg) 


Wt (mg) 


(ug) 


Wt (mg) 


(ug) 
226 + 28 
225 + 21 

90 + 11 


(ug) Wt (mg) 


Wt (mg) 


castration per group 
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* Mean wt animals 319 + 5 g. 
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TABLE IV. Effect of Testosterone Propionate on Weight and Myo-inositol Content of Accessory Organs of Castrate Rats. 


Days of 
hormone 


Coagulating glands Dorsal prostates Ventral prostates Cowper’s glands 


Seminal vesicles 


Inositol 


Inositol Inositol Inositol Tnositol 


Animals 
per group 


inj., 500 
ug daily 


(ug) 


Wt (ng) 


(ug) Wt (mg) 


Wt (mg) 


(ug) 


Wt (mg) 


amt Splla 
~ aa 
oD 1D 


+| tl +1 1 


Wr A 
SH LO OD Od 


man of 


bt oO -- CO 
co HH ow 


+| +1 +1 41 


}1O rib OS 


1D 1 1D oD 
Newer la) 
=) 


A 1 &b 


+ 41414 


974 + 33 
1540 +108 116 


20 


t Mean + S.E 


g. 


* Mean wt 340 + 79 


glands. The average concentration of myo- 
inositol in the accessory organs expressed as 
ug/g of tissue in sexually mature males 
(Group 8) was as follows: seminal vesicles 
5544; coagulating glands 4397; dorsal pros- 
tates 6984; ventral prostates 1646 and coagu- 
lating glands 657. The concentrations of myo- 
inositol in the seminal vesicles, coagulating 
glands and dorsal prostates are higher than 
that reported for other tissues of the rat. For 
example, Mitchell and Isbell(13) have re- 
ported the following concentrations of inositol 
for various male rat organs expressed as pg/g 
liver 640; kidney 1300; spleen 1000; heart 
650; lung 960; brain 1800 and muscle 220. 
Marked decreases were observed in the 
weight and myo-inositol content of secretion- 
free male accessory organs following castra- 
tion as shown by the data in Table III. The 
concentration of myo-inositol remained ap- 
proximately the same in the seminal vesicles 
and ventral prostates but decreased in the 
coagulating glands, dorsal prostates and Cow- 
per’s glands. The myo-inositol concentration 
of the seminal vesicles and ventral prostates 
was higher 2 days following castration than in 
the normal animal indicating that the inositol 
content of these organs does not decrease as 
rapidly as does the organ weight. 
Testosterone propionate (500 wg per day) 
was administered to groups of 20-day castrate 
males for periods of 5, 10 and 20 days. The 
data are presented in Table IV. The weights 
of male accessory glands and their myo-inosi- 
tol content returned to normal following 10 
days of hormone injection. However, after 20 
days of treatment the weights of the seminal 
vesicles had increased 18 times, coagulating 
glands 10, dorsal prostates 8, ventral prostates 
18 and Cowper’s glands 6. During the same 
period the myo-inositol increased 72 times in 
the seminal vesicles, 28 in the coagulating 
glands, 23 in the dorsal prostates, 23 in the 
ventral prostates and 7 in the Cowper’s glands. 
A comparison of the data obtained from cas- 
trates receiving androgen for 20 days (Table 
IV) with that from mature, intact males 
(Group 8, Table II) indicates that the weights 
and myo-inositol contents of the seminal vesi- 
cles, coagulating glands, dorsal prostates and 
ventral prostates of the hormone treated 
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TABLE V. Effect of Androgen and Feeding of Myo-inositol on Myo-inositol Concentration in Seminal 
Vesicle and Dorsal Prostate Tissues of Castrate Rats. 


-——Treatmentt—— 


Testos- -——Seminal vesicles——_, -——Dorsal prostates—— 
Animal wt Auimals terone Inositol : Inositol 
g@) per group propionate Inositol Wt (mg) (ug/g) Wt (mg) (ug/g) 
389 + 4* 9 oa = 68+1* 15704133  31+2* 2058+ 162* 
388 + 10 9 as Jk 61+3 1705 + 148 30 +2 2439 + 188 
376 + 6 9 ai ae 148 + 9 1394 + 110 70 +3 2591 + 199 
406+ 6 9 + “Eb 155 = 7 1606+ 95 7245 3489 + 227 
* Mean + S.E. A, , ‘ 
t Testosterone propionate, 500 yg, 60, 36 and 12 hr before killing; myo-inositol, 25 mg/100 g wt, 12, 


8 and 4 hr before killing. 


animals were greater than those of the intact 
males. 


The myo-inositol present in male accessory 
glands may be synthesized by these organs as 
well as selectively accumulated from the blood. 
In the latter case, it may be produced by bac- 
terial action in the alimentary tract or synthe- 
sized in other organs. Halliday and Anderson 
(11) isolated myo-inositol-C™ from carcasses 
of rats which had received injections of glu- 
cose-1-C™. Data on the selective uptake of 
myo-inositol by the seminal vesicles and dor- 
sal prostates of castrate animals are presented 
in Table V. The myo-inositol contents of the 
seminal vesicles and dorsal prostates of the 
myo-inositol fed group were not significantly 
different from the control group not receiving 
this substance. However, when similar mvyo- 
inositol fed animals were given androgen, the 
dorsal prostates showed a significant increase 
(P = 0.01) in concentration. There was no 
significant increase in myo-inositol concentra- 
tion in the seminal vesicles of hormone treated 
animals receiving myo-inositol. It is of inter- 
est that Gunn e¢ al.(14) have observed that 
the dorsolateral prostate of the rat concen- 
trates Zn® from 15 to 25 times more than any 
other organ. 


Summary. The myo-inositol content of 
male accessory organs was determined in 
growing, adult, castrate and androgen treated 
castrate rats. The myo-inositol concentration 
(ug/g/gland) was 5544 in the seminal vesi- 
cles, 4397 in coagulating glands, 6984 in dorsal 
prostates, 1646 in ventral prostates and 657 


in Cowper’s glands of mature animals. The 
myo-inositol content of the male accessory 
organs is dependent upon androgen. This 
relationship may be either a direct effect of 
male hormone on myo-inositol synthesis or an 
indirect response resulting from its action 
upon the total activity of the male accessory 
organs. It was demonstrated that the dorsal 
prostates can selectively accumulate mzyo- 
inositol in androgen treated castrate rats. 
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Isolation of Cortisol from Guinea Pig Bile.* (23493) 


, KRISTEN Erk-NeEs, JAMEs A. DEMETRIOU, YOLANDE C. MAyNE, AND RUSSELL S. JONES 
(Introduced by L. T. Samuels) 
Departments of Biological Chemistry and Pathology, University of Utah College of Medicine, 
Salt Lake City 


Cortisol has been found to be the major 
adrenal hormone in the plasma and urine of 
the guinea pig(1,2). Wyngaarden e¢ al.(3) 
find a considerable amount of chloroform- 
soluble compounds containing C' in the bile 
from guinea pigs subsequent to the adminis- 
tration of cortisol-4-C'. In view of the re- 
cent isolation of tetrahydrocortisol and tetra- 
hydrocorticosterone from cattle bile after hy- 
drolysis with #-glucuronidase(4) it seemed 
worthwhile to determine the nature of the 
metabolites in guinea pig bile. The present 
study deals with the isolation of cortisol in 
plasma and bile from guinea pigs under 
ACTH stimulation. 

Methods. Normal albino guinea pigs 
weighing between 250-350 g were used. The 
animals were given 3 I.U. of ACTH in gel per 
100 g body weight subcutaneously 6 hours 
before sampling of blood and bile. The con- 
trol animals were handled in the same fashion 
as those given ACTH except for the adminis- 
tration of the tropic hormone. To another 
group of animals 1 mg/100 g body weight of 
an alkali-extracted polysaccharide complex 
from K. pneumoniae was given intravenously 
on 3 successive days, and at different time in- 
tervals after administration of the third dose 
blood and bile were collected. For the collec- 
tion of blood and bile, the animals were sacri- 
ficed by clamping the neck with a forceps. 
This method gives lower levels of plasma 17- 
hydroxycorticosteroids (17-OHCS) than those 
seen in animals acutely anesthetized with 
ether(5). Plasma and bile samples were ob- 
tained from the same animal, extracted with 
methylene chloride, and processed as described 
by Eik-Nes(6). From 0.5-4 ml of plasma 
and from 0.1-1 ml of bile were used per de- 
termination. These volumes were made up 


* This investigation was supported in part by re- 
search grants from Natl. Cancer Inst., N.IH., 
US.P.H.S., Bethesda, Md. 


to 10 ml with water before extraction. Only 
samples exhibiting a typical Porter-Silber 
chromogen with a higher absorbancy at 410 
my than at either 390 or 430 my are included 
in this publication. Values of 17-OHCS were 
corrected on the basis of the recovery of 0.5 y 
cortisol taken through the total procedure. 

Results. When plasma levels of 17-OHCS 
in the guinea pig are elevated by ACTH sti- 
mulation, free 17-OHCS appears in the bile 
(Table I). Under the experimental condi- 
tions used, we failed to detect a typical Por- 
ter-Silber chromogen in the bile of “normal” 
guinea pigs. Animals exposed to the “‘stress- 
ful” environment associated with the admin- 
istration of bacterial polysaccharide exhibit 
free 17-OHCS in the bile as soon as the plasma 
concentration of these steroids is elevated 
(Fig. 1). Free 17-OHCS seem to persist in 
the bile after the plasma levels have returned 
to the pre-stressed range. 


To determine whether the typical Porter 
and Silber chromogen in plasma and bile was 
cortisol(7), the following experiment was 
done: Twenty-two guinea pigs were sacrificed 
6 hours after subcutaneous administration of 
3 I.U. ACTH per 100 g of body weight. 
From this group of animals a total of 10 ml 
of bile and 50 ml of blood plasma was ob- 
tained. Plasma and bile were extracted with 
methylene chloride, partitioned between ben- 
zene and water and the water phase re- 
extracted with methylene chloride. The me- 
thylene chloride extracts were evaporated 
under nitrogen. The Porter-Silber reaction 
was done on an aliquot of each extract and a 
typical chromogen found(8). Using cortisol 
as reference standard, the pooled bile sample 
contained 400 y of 17-OHCS per 100 ml and 
the pooled plasma sample, 140 y per 100 ml. 

The remaining portions were subjected to 
paper chromatography using the formamide- 
chloroform system of Zaffaroni and Burton 
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(9). Only one compound was found in 
plasma and bile; this compound showed the 
same mobility on paper as authentic cortisol 
and could be detected by the ultraviolet scan- 
ning technic(10). The paper strips were 
eluted and the concentrated eluates read in 
the ultraviolet part of the spectrum using a 
Beckman DK 2 Spectrophotometer. Maximal 
absorbancy was found at 241 mp for both the 
plasma and bile eluates. Acetylation with 
radioactive acetic anhydride in pyridine was 
then performed(11). In both the plasma and 
the bile extracts a radioactive compound movy- 
ing chromatographically like the acetate of 
cortisol was detected. Finally, the acetate of 
the compound in bile and plasma was oxidized 
with chromic trioxide. After oxidation the 
compound was rechromatographed and_be- 
haved now like cortisone acetate in the chloro- 
form-formamide system of Zaffaroni and Bur- 
ton. 

Discussion. The data show that high levels 
of cortisol in the blood plasma of guinea pigs 
are associated with the presence of this steroid 
as a free alcohol in the animal’s bile. The 
normal guinea pig excretes a large amount of 
cortisol in the urine(2) and the conjugated 
metabolites of adrenal steroids in guinea pig 
urine are not glucuronides(2) as in man(12). 
A radioactive chloroform-extractable com- 
pound has been found in guinea pig bile fol- 
lowing the administration of about 100 y cor- 
tisol-4-C'4(4) ; 60% of the total radioactivity 
in the bile from guinea pigs given cortisol-4- 
C™ was, however, conjugated, but probably 
not in glucuronide form. Conjugation by the 


TABLE I. Levels of 17-OHCS in Plasma and Bile 
from the Same Guinea Pig 


17-OHCS ¥/100 ml 


Condition Plasma Bile 
Normal 20 O* 
31 Om 
10 Om 
43 O- 
17 ()* 
DP O- 
6 hr after ACTH 144 260 
209 Billo) 
215 310 
Pie 375 
189 301 
210 298 


* No detectable Porter-Silber chromogen. 


CorTISOL FROM GUINEA Pic BILE 


17-OH.C.S. Y/1I00 mi 


6 
HOURS AFTER POLYSACCHARIDE 


FIG. 1. A =Plasma levels of 17-OHCS in individ- 
ual guinea pigs sacrificed at different time intervals 
following intravenous administration of 1 mg K. 
pneumoniae polysaccharide complex/100 g body 
weight. © =Bile levels of 17-OHCS in the same 
animals. The average bile and plasma curves for 
17-OHCS are plotted. All animals had received 1 
mg K. pneumoniae polysaccharide complex/100 g 
body weight intravenously on the 2 preceding days. 


liver, therefore, occurs in this animal species, 
and one may presume that reduction of the 
steroid nucleus precedes the conjugation. In 
man, hydroxylation in position 3 of the 
adrenal steroids has been reported to be the 
rate limiting step in their metabolism(13). 
The presence of cortisol in guinea pig bile at 
a time when the plasma concentration of this. 
steroid is high, could indicate either that en- 
zymatic reduction occurs at a very slow speed 
or that the high concentration of cortisol pass- 
ing through the animal’s liver exceeds the ca- 
pacity of the enzymes. 


Summary. Free cortisol has been isolated 
in the bile from guinea pigs with high plasma 
concentrations of this steroid. A limited he- 
patic ability to hydroxylate this hormone in 
position 3 of its nucleus has been suggested 
as a possible cause. 
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Transformation and Culture Phase Dissociation of Staphylococcus 


(Micrococcus pyogenes) 


(23494) 


Hopart A. REIMANN 
Binghamton City Hospital, Binghamton, N. Y. 


A distinctive pattern of dissociation evolved 
from studies on Gaffkya tetragena. A specific 
immunologic white colony type gave rise to 
yellow, pink, pink-yellow and brown types, 
each with its mucoid, smooth and rough 
phases, and in addition a translucent form 
(1,2,3). The variants emerged best in aging 
cultures in broth or on agar and seemed to 
appear by chance. Because of a close rela- 
tionship between G. tetragena and Staphy- 
lococcus, tests were made with similar meth- 
ods to see if a parallel dissociative pattern 
pertained. 


Methods. Cocci from a single yellow col- 
ony of Staphylococcus PCI 209 P (U.S. Food 
& Drug Admin.) served as the inoculum of 
100 ml nutrient broth in flasks. After incu- 
bation at room temperature for 3 to 7 months, 
subcultures were made by streaking or as 5 
or 6 point colonies on nutrient agar 7-10 mm 
thick in plates sealed with a strip of parafilm 
to delay drying. The plates were similarly 
aged and continually inspected for visible 
evidence of colonial changes. 

Results. Point colonies made from a 54- 
day flask culture were of the smooth(S) yel- 
low phase 10 mm wide after 20 days. At first 
they were of the usual yellow butter color and 
consistence, but later faded until some were 
yellow in the center shading into white; others 
turned cream-color or white. On further aging 


a sharply defined, indented, colorless, translu- 
cent rim appeared around some; others were 
studded or rimmed or both with minute yel- 
low and white daughter colonies. The white 
ones usually were yellowish by transmitted 
light. Subcultures from the yellow, white and 
translucent areas, and from the yellow and 
white nubbins, with exceptions to be de- 
scribed, grew as the original S-yellow form 
as if youth and crowding had delayed the 
formation of pigment. Shades from nearly 
white, cream, buff, pale yellow (citreus), yel- 
low (aureus), to deep orange (auranticus) 
appeared in many streaked cultures and point 
colonies for no discernible reason. Subcul- 
ture usually reproduced the original yellow 
tint. Growth at 10°C or 37°C made little dif- 
ference in color change. One set of cream- 
colored point colonies 90 days old and 22 mm 
broad were studded and edged with pale 
daughter colonies. These in turn were sur- 
rounded by a translucent band with another 
rim of minute colonies (Fig. 1). 


Cocci from the S-yellow colonies were coag- 
ulase-positive, fermented mannitol, liquefied 
gelatin and hemolized blood. 


Origin of the Mucoid-Vellow Phase. Sub- 
cultures from the pale areas of a 58-day S- 
yellow colony grew as thick, glistening, pale 
yellow colonies, confluent where crowded 
(Fig. 2) in contrast with the usual discrete S- 
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FIG. 1. S-yellow colony 90 days old studded and edged with daughter colonies surrounded by 
a translucent band with another rim of barely visible colonies. 


FIG. 2. Confluent M-yellow colonies. 

FIG. 3. M-yellow colony with sectors. 

FIG. 4. Rimmed M-yellow colonies. 

FIG. 5. R-yellow colony. 

FIG. 6. R-yellow colony with a white daughter in the translucent rim. 

BGS ie R-yellow colony with M-yellow sector in the middle and a white one to the right. 

FIG. 8. S-white colony studded with yellow and white daughters. 

FIG. 9. S-white colony. 

FIG. 10. S-white colony, 2 mo. old studded with white papillas and with mucoid-white out- 
growths. 

FIG. 11. M-white colony with M-white and S-white outgrowths. 

FIG. 12. M-white colonies and smaller S-white ones. 


All colonies are in natural size. 


yellow ones. Touched with a wire, they were 
tough or glairy and pulled like mucin. Fur- 
ther transfer on streaked plates bred true. 
Point colonies usually reverted to the S form 
or formed M colonies (Fig. 3), and a few 
grew as rough yellow colonies. Senile flask 
cultures of S-yellow usually changed to M- 
yellow. On occasion, colonies seemed _ to 
autolyze in the center but had a thick mucoid- 
yellow rim (Fig. 4). Subcultures from both 
areas bred true. 

Cocci of the M colonies were smaller than 
the parent ones. They caused mucinous 
growth in broth, were unclustered, appeared 
at times to have capsules and often were en- 
meshed in a stringy pink-stained matrix, pos- 
sibly of capsular substance. No swelling or 


clumping occurred when immersed in homolo- 
gous antiserum. They were coagulase-posi- 
tive, fermented mannitol, liquefied gelatin and 
were hemolytic. 

Origin of the Rough-Vellow Phase. A 97- 
day flask culture of S-yellow cocci streaked on 
agar at first grew as homogenous cream- 
colored colonies. After a month, a few col- 
onies were larger and less opaque. Both kinds 
on transfer grew as viscid, confluent M-yellow 
ones. On a point colony plate, cocci from 
the small colonies reproduced S-yellow ones, 
but those from the large ones grew into 10 
mm, flat, yellow, lusterless, deeply crinkled 
and concentrically or radially ridged colonies, 
obviously the hitherto undescribed R-yellow 
phase (Fig. 5 and 6). When fished with a 
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wire, large, dry, crumbly portions lifted away. 
Each colony was surrounded later by a trans- 
lucent fringe. As mentioned in the preceding 
section, M-yellow colonies at times gave rise 
to R-yellow ones. 


In one month-old colony, a white daughter 
colony emerged at the tip of a ridge (Fig. 6). 
Subcultures of the R-yellow base gave M- 
yellow colonies. Subcultures from the white 
outgrowth at times reverted to mucoid-yellow 
colonies, but at others, formed different 
slightly ridged pale yellow colonies with a 
white rim. One colony in addition developed 
a large paler yellow sector and a white sector 
both of which were ridged (Fig. 7). Trans- 
fers from the paler yellow sector gave M-yel- 
low colonies. From the white sector 2 kinds 
of white colonies grew, one as S-white, the 
other as a new form of high-domed glossy 
mucoid white. 


Another point R-yellow colony was pale, 
slightly ridged and surrounded by a whitish 
rim in which a deep yellow sector grew after 
3 weeks. Transfer from the pale yellow cen- 
ter gave typical R-yellow colonies on one oc- 
casion and M-white on another; the deep yel- 
low rim sector was a reversion to the S-yellow 
phase. 

Subcultures of R-yellow cocci on streaked 
plates usually grew as the M-phase; point col- 
onies usually grew as R-yellow, but often gave 
rise to M or S yellows and to a mucoid white. 
Some point colonies and occasionally crowded 
ones less rough than the extremely rough ones 
may have represented intermediate forms. 
Evidently the R-yellow phase is less stable 
than the M or S. 

R-yellow cocci were small, clustered but 
with no evidence of capsules or ropy growth 
and had biologic characteristics in common 
with the M and S ones. 


Origin of a Smooth-White Type. As stated 
previously, the original senile S-yellow point 
colonies had yellow and white daughter ones 
(Fig. 8). Subcultures of both usually evolved 
into the S-yellow phase, but on several occa- 
sions those from the white daughters produced 
mostly yellow and a few white colonies. From 
a 7-month S-yellow flask culture, a streaked 
plate revealed almost all M-yellow colonies 
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and a row of about 20 white ones. Point col- 
onies from both séurces grew more slowly 
than the yellow and formed smaller, white, 
porcelain-like, flat colonies 10 to 12 mm wide 
after a month or two (Fig. 9). They were 
regarded as the S-white phase. Subcultures 
were stable. Old colonies studded with white 
papillas had the deceptive appearance of 
roughness and had outgrowths of mucoid 
white (Fig. 10). 

The cocci were usually much larger than 
those previously mentioned, had no capsule 
and many were in diploform and _tetrads. 
Both the cocci and the colonies were morpho- 
logically indistinguishable from those of S- 
white G. tetragena. They were weakly hemo- 
lytic, coagulase-negative and did not ferment 
mannitol nor liquefy gelatin. 

Origin of the Mucoid-White Phase. Sub- 
cultures from a 3-month flask seeded with S- 
white cocci grew as colonies different from 
the parent. On one occasion a mucoid white 
sector appeared in an M-yellow colony. Pa- 
pillas on a 2-month S-white point colony (Fig. 
10) and a sector of an R-yellow one (Fig. 7) 
also differed. The colonies therefrom were 
glistening, pearly-white and less opaque; 
later they flattened, became drier and devel- 
oped sectors, areas and outgrowths of opaque 
white or of even more translucency (Fig. 11). 
Young colonies, touched with a wire were vis- 
cid and drew out in filaments; older ones, 
though drier, were more fluid than the S-white 
ones. They were confluent when crowded re- 
sembling those of Fig. 2. Numbers of small, 
dense, white, domed colonies appeared among 
the more translucent ones (Fig. 12) indicating 
reversion to S-white. Thus far, neither the 
M-white nor the S-white reverted to the yel- 
low type and, as with G. tetragena, no R- 
white form emerged. 

Cocci of the M-white phase were clustered, 
often in tetrads, seemed to have less prom- 
inent capsules than the M-yellow, often were 
enmeshed in pink stained material, were 
larger than the yellow ones. Growth in broth 
was slimy. The biologic reactions were those 
of the S-white. 

Translucent forms. Subcultures of a white 
daughter colony from a giant S-yellow one 
grew into crowded yellow colonies after 2 
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days and scattered about were minute, flat, 
thin, barely visible, discreet and confluent, 
colorless, translucent ones. On only a few 
other occasions did similar translucent col- 
onies appear among S-yellow ones. They 
were suspected as being the anticipated trans- 
lucent form or the so-called G form. Some 
of them were immature yellow ones delayed 
in development by crowding because subcul- 
tures usually gave rise to yellow colonies. 
Subcultures on agar or in broth at times bred 
true, grew slowly or not at all and some died. 
Point colonies seldom exceeded 2 or 3 mm in 
width and daughter colonies formed before 
growth ceased. On no occasion did evidence 
of reversion to any other form appear as was 
often the case with G. tetragena. For that 
reason the question of contamination was not 
excluded. The cocci were small, many in 
tetrads and clumps, pleomorphic and_ poly- 
chromatic similar to those of the G or trans- 
lucent form described for other bacteria. 
They were coagulase-negative, did not liquefy 
gelation, ferment mannitol nor hemolyze 
blood. 

Small Colony Variants. These forms de- 
scribed by others seldom were seen. Small 
ones often were small because they were 
crowded. A few small yellow and white col- 
onies occasionally remained small on subcul- 
ture but usually grew into large ones when 
transferred. Growth in penicillin-broth did 
not induce their appearance better than aging 
of cultures. 


Comment. Previous investigations of the 
dissociative pattern of Staphylococcus did not 
reveal the classic M, S, R changes as estab- 
lished for G. tetragena(3), Pneumococcus (4) 
or Streptococcus(5). Pinner and Voldrich 
described what now appears to be type trans- 
formation of the yellow (aureus) into the 
lemon-yellow (citreus), white (albus), and 
pink (roseus) forms, but saw no R forms and 
M forms were not mentioned(6). The cit- 
reus forms were stable, but the albus reverted 
to the aureus after growth in homologous an- 
tiserum, and the roseus to the albus after in- 
oculation into animals. They regarded color 
transformation as analogous to phase varia- 
tion of other bacteria. Color-type transfor- 
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mation was similar to that I later observed in 
G. tetragena. 

Bigger(7) described a scheme difficult to 
reconcile with the usual pattern. A number 
of aureus and albus variants were classified as 
smooth with varying degrees of viscidity and 
as rough viscid forms. Some sticky ones 
which pulled out like glue probably were mu- 
coid forms. Photographs of his 3-day-old 
rough colonies bear no resemblance to the 
R form here described. 

Staphylococcus aureus of all strains tested 
by Hoffstadt and Youmans gave rise to white 
and G colonial forms(8). They described 8 
kinds called rough, but some were translucent 
bluish-white, and photographs again do not 
resemble the R colonies described here. These 
investigators and Swingle(9) observed small 
colony variants (G form), and others(10,11) 
obtained them by growth in broth containing 
penicillin. They usually reverted to the par- 
ent form on subculture. Similar small col- 
onies appeared occasionally in my _ experi- 
ments but not more often after exposure to 
penicillin than after aging. 

The studies of these investigators and the 
ones presented here indicate that dissociation 
of Staphylococcus like that of other bacteria 
is more complicated than the simple, visibly or 
serologically detectable type and type-color 
transformation and respective M, S, R phase 
variation. Thus far the simplified scheme 
appears as: 


Mucoid yellow 
Smooth yellow 
Rough yellow 


It is the counterpart of the scheme depicted 
for other Gram-positive pathogenic cocci, 


Muecoid white 
Smooth white 


namely, G. tetragena, Streptococcus, and 
Pneumococcus. For the latter it is: 
Type l Type IL Type III 
Mueoid Mueoid Muecoid ete. 
Smooth Smooth Smooth 
Rough Rough Rough 


Conversion of pneumococci of one type into 
another was induced by growth of M-pneu- 
mococci or of R-pneumococci derived from 
any type in animals or in broth with dead M 
cocci containing deoxyribonucleate of the 
donor cocci(12,13). Type transmutation of 
G. tetragena and of Staphylococcus was spon- 
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taneous. Strains established as aureus, albus 
and roseus probably are variant forms of a 
common ancestor. 

Granting an analogy of dissociative pat- 
terns, one may predict an R-white phase, a 
pink type as Pinner found, and perhaps others 
for Staphylococcus. Effort to educe them is 
under way. It would be of importance to 
know the significance of the mucinous sub- 
stance of the M phase, whether the yellow and 
white staphylococci are type specific by sero- 
logic or phage methods and if both forms 
convert to different respective serologic yel- 
low and white types. 

Staphylococcus and G. tetragena seem to be 
much more closely related than generally 
thought. The resemblance in colonial appear- 
ance, and in coccal size, shape, staining and 
arrangement probably often leads to bacterio- 
logic diagnostic error. It is impossible to dif- 
ferentiate the respective S-yellow or S-white 
forms of either on that basis. The biologic 
differences as listed(14) are minor and may 
vary even among identical strains; and they 
differ from some reported here. Officially, S¢. 
albus liquefies gelatin and ferments mannitol; 
my white forms did not. G. tetragena is said 
not to liquefy gelatin nor ferment mannitol, 
in agreement with my tests(1), but the myth 
of pathogenicity for mice is perpetuated. In 
my hands, growth of staphylococci and of 
tetragenas was inhibited by similar amounts 
of penicillin, the M cocci of both made a 
mucinous substance and the yellow forms 
grew more luxuriantly and resisted heat bet- 
ter than the white forms. 
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Summary. A partial pattern of dissociation 
into color-type and-phase variation emerged 
after aging a strain of Staphylococcus. From 
the smooth yellow (aureus), a mucoid yellow 
and a rough yellow colony form were derived, 
and in addition a smooth white type (albus) 
and its mucoid white phase. Thus far the 
dissociative pattern is analogous with that of 
G. tetragena and Pneumococcus as regards 
type and phase variation and interconverti- 
bility. It may apply to Staphylococcus in 
general. 
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Increased Sensitivity to Estrogen in Uterine Hyperplasia in DBA x CE 
and Reciprocal Hybrid Mice.* (23495) 
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At 6 to 7 months of age, virgin female DBA 
x CE and reciprocal hybrid mice spontane- 

* This investigation was supported by research 
grants from Natl. Cancer Inst., N.I.H., P.H.S., and 
by a grant-in-aid from American Cancer Society. 


ously develop a progressively severe endocrine 
imbalance involving the ovaries, adrenal cor- 
tex and pituitary(1,2). One of the more 
prominent morphological features of this syn- 
drome is marked enlargement of the uterus 
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TABLE I. Uterine Response to Estrogen in Ovariectomized DBA X CE and Reciprocal Hybrid 
Mice in Relation to Age. 


: i t/body wt 
Age No. of Body wt : Uterine w 
(mo) mice Treatment (g) +S.E. Uterine wt (mg) +S8.E. (mg/g) + 8.E. 
26.2 5 2 al alerts) i 
oe = yap geate py aaocauiee ane (336% iner.) 
11 Est 26.50 =e «7 98.8+— 6.7 Sal ato 
9-12 11 293.6 | 40.26) 2.7 OS 1.3 + a Cae 
10 Est PAD) 3) sae) lf 180.5 + 23.5 Gil se 3 
2g 2.1 + 12.2 2.54.1 b 
15-18 10 yay ae oe 7 Se (498% ” ) * (464% ) 
12 Est Bylail ae Si 358.8 + 11.2 Gree. o 


accompanied by muscular and glandular hy- 
perplasia, adenomyosis, generalized fibrosis 
and vascular congestion. Previous studies 
have demonstrated that these uterine lesions 
result, at least in part, from gradual prolonga- 
tion of the estrogenic phases of the estrous 
cycle which culminates in a condition ap- 
proaching “‘constant estrus” by 15 months of 
age(3,4). The question has arisen, however, 
whether the hyperplasia of the uterus might 
also be due in part to an increase in sensitivity 
of this organ to estrogen in addition to in- 
creased estrogenic stimulation previously 
demonstrated. The present experiment was 
designed to test this hypothesis. 

Procedure. Sixty-four virgin female mice, 
offspring of DBA x CE and reciprocally 
crossed parents, were used. The mice were 
born in the Jackson Laboratory colony and 
were maintained at a temperature of 70°F 
on a diet of Purina Laboratory Chow and 
water ad libitum. At the beginning of the 
experiment animals in 3 age groups were se- 
lected with reference to the development and 
progress of the hyperovarian syndrome: (1) 
4 to 5 months of age—prior to appearance of 
symptoms, (2) 9 to 12 months—during most 
rapid progress of the syndrome, and (3) 15 
to 18 months—after the syndrome is well ad- 
vanced. Uterine sensitivity to estrogen was 
determined in the following manner, The 
mice were bilaterally ovariectomized. Four- 
teen days later approximately one-half of the 
animals in each age group were sacrificed 
without further treatment. The remaining 
animals were injected subcutaneously with 3 
vg of crystalline estradiol diproprionate in 0.1 
ml of sesame oil and were sacrificed 48 hours 
later. The uteri of both control and treated 


mice were removed by cutting across the cer- 
vix and trimming the cornua free of their at- 
tachment to the mesometria. The cornua 
were slit and blotted with filter paper to re- 
move any fluid in the lumina. Uterine weights 
were then determined to the nearest 0.1 mg 
with a Roller-Smith torsion balance. The es- 
trogen response was calculated as the per- 
centage of mean weight increase of the uteri 
of injected animals compared with mean 
weight in untreated controls of the corre- 
sponding age group. 

The results are summarized in Table I. 
The increment in uterine weight following in- 
jection of the standard test dose of estradiol 
diproprionate in mice ovariectomized at 4 to 
5 months of age (7.e., prior to the onset of 
uterine hyperplasia) was approximately 
340%. In mice ovariectomized and _ tested 
after the appearance of uterine hyperplasia, 
on the other hand, the uterine weight response 
was 449% at 9 to 12 months and 498% at 
15 to 18 months. 

It can be seen from the Table that with 
increasing age there is a considerable increase 
both in body weight and in post-ovariectomy 
uterine weight in untreated controls as well as 
in injected animals. If the actual mean uter- 
ine weights are expressed in proportion to 
mean body weights of the animals in each 
group, the uterine response to estrogen is 
336% in pre-syndromic mice and 469% and 
464% respectively in the 2 groups exhibiting 
the syndrome. When calculations are made 
in this manner, the apparent difference in re- 
sponsiveness between the 2 latter groups dis- 
appears. 

Discussion. The present observations 
clearly demonstrate that in DBA x CE and 
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reciprocal hybrid mice a considerable increase 
in uterine sensitivity to estrogen develops in 
conjunction with the hyperovarian syndrome. 
The, observed increment represents a minimal 
difference because of the experimental pro- 
cedure followed. That is, whereas the body 
weights of mice in the 9 to 12 and 15 to 18- 
month-old groups were about 11% and 20% 
greater than in the youngest group of animals, 
the test dose of estrogen was the same in all 
instances. It is probable that if the amount 
of hormone given had been increased in pro- 
portion to gain in body weight, the increment 
in uterine responsiveness in the older mice 
would have been even greater than that ac- 
tually measured. In view of the present find- 
ings, then, it seems reasonable to conclude 
that the uterine hyperplasia which develops 
in these hybrid mice after onset of the hyper- 
ovarian syndrome is due in part to increased 
responsiveness of the uterus to estrogen as 
well as to the hyperestrinism previously re- 
ported. 

The present findings also have implications 
of general interest apart from their bearing on 
the pathogenesis of uterine lesions peculiar to 
these particular mice. In endocrine studies 
cognizance is seldom taken of possible effects 
of aging on hormone sensitivity of target or- 
gans due, no doubt, to the paucity of informa- 
tion on the subject. In so far as the reproduc- 
tive tract is concerned, the only extensive 
studies have been those of Hooker(5) and 
Price and Ortiz(6) who have demonstrated a 
temporary increase of 500% or more in hor- 
mone sensitivity during puberty in the rat. 
Unfortunately their observations included but 
a relatively short period after puberty. Ina 
small number of ovariectomized monkeys, on 
the other hand, Allen and his co-workers(7) 
found that only one-third to one-half as much 
estrone was needed to induce withdrawal 
bleeding from uteri of mature animals as com- 
pared with immature and puberal animals. 
The present observations and those cited 
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above agree that age-related changes in hor- 
mone sensitivity of the reproductive tract oc- 
cur. Due to different experimental conditions 
and species studied, however, no clear-cut pat- 
tern can be discerned. It is evident that fur- 
ther investigation of this phenomenon is im- 
perative, especially for the proper evaluation 
of data based on bioassay technics and for 
elucidation of endocrine-related pathologic 
conditions of the uterus such as liomyomatosis 
and endometrial hyperplasia which occur in 
women with increasing frequency as the 
menopause is approached. 

Summary. Virgin female DBA x CE and 
reciprocally crossed hybrid mice were ovariec- 
tomized at 4 to 5, 9 to 12, and 15 to 18 
months of age. Two weeks later one-half of 
the animals in each group were injected with 
3 pg of estradiol diproprionate and were sac- 
rificed 48 hours later. The uterine response 
was calculated by comparing uterine weights 
(adjusted to mg/g body weight) after estro- 
gen treatment with those in the untreated 
controls. In the 4 to 5-month-old animals the 
increment in uterine weight was 336%; in the 
2 older groups, 469% and 464% respectively. 
These data indicate that the uterine hyper- 
plasia which develops spontaneously in these 
mice after 7 to 8 months of age is due in part 
to increased uterine sensitivity to estrogen as 
well as to the hyperestrinism previously 
known to occur. 
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Bleeding Syndrome in Thrombin-Injected Rats Deficient in Fibrinogen and 


Antihemophilic Factor. 


(23496) 


Rospert G. BRAYTON AND MARJORIE B. ZUCKER* 
Enzyme Research Section, Sloan-Kettering Institute for Cancer Research, N. Ve 


Hemostatic mechanisms may be studied 
conveniently in rats by microscopic observa- 
tion of the platelet plugs formed after incising 
mesenteric arteries or veins(1). In rats made 
hypofibrinogenemic by the intraperitoneal in- 
jection of thrombin(2), platelet plugs either 
failed to form or were ineffective in arresting 
bleeding(3). Since fibrin is not histologically 
demonstrable in the plugs formed in the mes- 
enteric blood vessels of normal rats(3), it 
seemed unlikely that the low level of fibrino- 
gen was responsible for the defective hemo- 
stasis. We, therefore, undertook a more com- 
plete study of the clotting factors in throm- 
bin-injected rats to determine whether other 
deficiencies were present which could account 
for the abnormal bleeding. 

Methods. Male albino rats weighing be- 
tween 75 and 130 g were used. Twenty-five 
hundred units of thrombint (140 mg in 0.37 
ml) were injected intraperitoneally into 17 
unanesthetized rats. Nine of these were 
studied one hour after injection and 8, 2 hours 
after injection. Three control rats received 
an intraperitoneal injection of 140 mg of bo- 
vine albumin and the remaining 17 controls 
were not injected. After intramuscular ad- 
ministration of nembutal (4 mg/100 g), an 
exposed mesenteric vein was cut with sharp 
scissors, and observed for the formation of a 
platelet plug as previously described(1). 
Blood was then drawn from the abdominal 
aorta with a syringe and needle. Prothrom- 
bin time was measured by a modification of 
Quick’s method(4). Prothrombin, factor V 
and factor VII concentrations were deter- 
mined by modifications of Owren’s methods 
(4). Prothrombin consumption was  esti- 
mated by measuring the residual prothrombin 
in serum from blood oxalated after one hour 
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at 37°C(4). Antihemophilic factor (AHF) 
and plasma thromboplastin component (PTC) 
were estimated from the amount of prothrom- 
bin remaining one hour after recalcifying a 
mixture of citrated hemophilic or PTC-de- 
ficient plasma and a 1:10 dilution of rat 
plasma(4). Fibrinogen was determined by 
Quick’s modification of the Cullen and Van 
Slyke method, adapted for the use of 0.5 ml 
of plasma. Fibrinolytic activity at 37°C was 
estimated from the lysis time of clotted whole 
blood and of a mixture of bovine fibrinogen 
and thrombin with the rat’s plasma euglobulin 
fraction(5). Platelet counts were performed 
by the direct method(6). Capillary fragility 
was measured on abdominal skin by Dall- 
dorf’s negative pressure method(7). 


Results. Platelet plugs formed and bleed- 
ing ceased completely between 28 and 140 
seconds after incising a mesenteric vein in 8 
control rats. The plugs adhered to the vessel 
and could not easily be removed or frag- 
mented with a forceps. If bleeding was re- 
newed by such manipulation, hemostasis was 
reestablished more rapidly than after the ini- 
tial incision. 

In all of 11 thrombin-injected rats, bleed- 
ing continued for from 5 to 8 minutes before 
the vein was clamped to avoid exsanguination. 
Platelet plugs formed in only 3 of these ani- 
mals (2 rats in the 1-hour group and 1 in the 
2-hour group). They were not effective in 
arresting bleeding and could be readily dis- 
lodged or fragmented. Vasoconstriction, ob- 
served at the ends of the severed vein in all 
rats, did not appear to reduce blood flow ap- 
preciably, an observation which is in agree- 
ment with Hugues’ results(8). 

Gross autopsy findings on 16 animals which 
received thrombin included nasal bleeding in 
2 and bloody urine in 6. Thymic lymph nodes 
were hemorrhagic in 8 animals, mesenteric 
nodes in 2. Two rats had ecchymoses in the 
diaphragm. No evidence of hemorrhage was 


TABLE I. Changes in Clotting Factors One and 2 Hours after Intraperitoneal Injection of 2500 Units of Thrombin. 
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43 + .09* 
(6) 


4.8 + 6.5 
(7) 


(9) 


27.1 + 4.6* 
(7) 


No. of animals given in parentheses. 


dev. 


+ stand. 


Avg 


{ The large stand. dev. is the result of one value 


+t Compared with control value, P >0.02, <0.05. 


* Compared with control value, P <0.01. 


of 29 see. 


All other values were over 60 see. 


observed in the control animals. 

No petechiae formed at a negative pressure 
of 30 cm Hg in 5 rats tested 2 hours after 
thrombin injection. However, local subcu- 
taneous hemorrhages were observed in 3 of 
the injected rats, but in none of the controls. 

Determinations of clotting factors are 
shown in Table I. Because of the small vol- 
ume of blood available, it was not possible to 
do all determinations on every animal. Whole 
blood clotted in 5 thrombin-treated animals 
and the clot lysed rapidly in 2 of them. Lack 
of clot formation in 9 rats could be attributed 
in at least one instance to hypofibrinogene- 
mia; in other instances no clot was noted 
even when fibrinogen concentration was as 
high as 85 mg%. This apparent failure of 
clot formation may have resulted from rapid 
lysis of small clots. It could not be ascribed 
to the presence of a potent circulating anti- 
coagulant since clots were produced promptly 
after addition of purified human fibrinogen 
to the otherwise incoagulable blood from 5 of 
these rats. Fibrinolytic activity of the eu- 
globulin fraction of plasma varied from 3 to 
over 24 hours in both control and test ani- 
mals, and showed no correlation with whole 
clot lysis time. 

No clots formed in prothrombin time deter- 
minations on 8 animals whose whole blood 
failed to clot. Among the rats whose whole 
blood clotted, the long prothrombin times of 
the 3 rats in the 1-hour group can be ex- 
plained by the decreased concentration of pro- 
thrombin and Factors V and VII. The still 
longer prothrombin times of the 2 rats which 
showed whole clot lysis were not the result of 
unusually low concentrations of these factors, 
and may indicate that fibrinogenolysis had 
occurred during the brief interval between 
measurement of whole blood clotting time and 
prothrombin time. 

Residual prothrombin in serum was sig- 
nificantly higher than normal after injection 
of thrombin. Platelet count decreased, but 
severe thrombocytopenia did not occur. Anti- 
hemophilic factor (AHF) was very much di- 
minished. One hour after thrombin injection, 
a 1:10 dilution of rat plasma had no greater 
effect on the prothrombin consumption of he- 
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mophilic plasma than did saline so that AHF 
concentration was approximately zero. Some 
AHF was present in the plasma of rats 2 
hours after thrombin injection, but the con- 
centration was still significantly below nor- 
mal. On the other hand, concentration of 
plasma thromboplastin component (PTC) 
was not measurably reduced by thrombin ad- 
ministration. 

Discussion. WHypofibrinogenemia which oc- 
curs after intravenous injection of thrombin 
is believed to result from intravascular de- 
position of fibrin(9,10). Defibrination pre- 
sumably also occurs in rats injected intraperi- 
toneally with thrombin and probably accounts 
for the absence of clot formation in many of 
the animals. No anticoagulant was detected 
in the 5 rats tested. The occurrence of whole 
clot lysis in 2 animals suggests that fibrino- 
lytic activity may have been partially respon- 
sible for lack of clot formation and reduction 
in fibrinogen concentration in some rats. 
Whether fibrinolytic activity’ resulted from 
activation of the rat’s own plasminogen or of 
the bovine plasminogen present as a contam- 
inant in the injected thrombin(11) was not 
determined. The fibrinolytic activity of the 
euglobulin fraction did not correlate well with 
the presence of whole clot lysis. 

Tissue thromboplastin used during prepara- 
tion of the thrombin is still present in the final 
product. Its injection could account for the 
fall in prothrombin(12,13), factor V(13), 
and perhaps factor Vil. Factor V is activated 
by thrombin(14), and in the rat, active fac- 
tor V, or serum accelerator globulin, is rap- 
idly destroyed(15). This may contribute to 
the decrease in factor V. No greater depres- 
sion of clotting factors was observed in the 
rats with whole clot lysis than in those whose 
clots did not lyse. Consequently, although 
prothrombin, factor V and factor VII, as well 
as AHF, can be destroyed by fibrinolysin(16) 
this enzyme did not seem to be important in 
diminishing their concentration in these ex- 
periments. 


High serum concentration of prothrombin 
was found after thrombin injection. The mag- 
nitude of the defect in prothrombin consump- 
tion is even greater than is indicated by the 
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data on serum prothrombin alone, since in the 
thrombin-injected rats, amount of prothrom- 
bin present in the plasma was low. Vanden- 
broucke and Verwilghen observed a decrease 
in prothrombin consumption after intravenous 
injection of thrombin in dogs, and attributed 
it to a defect in thromboplastin formation 
(17). From our data, it seems evident that 
deficiency of AHF is responsible for the poor 
prothrombin consumption. The low level of 
AHF is not surprising, since others have 
shown that AHF is inactivated by thrombin, 
both im vitro and in vivo(18,19). 

The number of abnormalities in the clotting 
mechanism makes it difficult to determine the 
cause of the failure in platelet plug formation 
in thrombin-injected animals. However, the 
decreases in prothrombin, factor V and fac- 
tor VII do not seem sufficiently great to pre- 
vent platelet plug formation(3). The absence 
of demonstrable fibrin in normal mesenteric 
plugs(3) makes it unlikely that the hemo- 
static defect is the result of the low concen- 
tration of fibrinogen or of the occasionally 
observed fibrinolytic activity. Since the tis- 
sue thromboplastin liberated when an exposed 
mesenteric vein is cut must be small in 
amount and rapidly washed away, it is pos- 
sible that the formation of platelet plugs un- 
der these circumstances depends upon the for- 
mation of blood thromboplastin, for which 
AHF is required(20). 

Summary. One and 2 hours after intraperi- 
toneal injection of 2500 units of thrombin 
into rats, bleeding from severed mesenteric 
blood vessels was not arrested and platelet 
plugs rarely formed. Other manifestations of 
hemorrhagic tendency were present. Capil- 
lary resistance was not diminished. Fibrinogen 
concentration was low; whole clot fibrinolysis 
was occasionally observed; prothrombin, fac- 
tor V, factor VII and platelets were somewhat 
reduced; PTC concentration was normal; and 
AHF concentration approached zero. It is 
suggested that the defect in hemostasis is 
predominantly the result of AHF deficiency. 
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Fibrinoid degeneration and necrosis of the 
walls of small arteries and arterioles, typical 
of the malignant phase of hypertension, have 
been observed in various tissues and organs 
of dogs with experimental renal hypertension 
which is accompanied by impairment of renal 
excretory function(1,2). The necrotizing ar- 
teriolar lesions occur in the rat also, when im- 
pairment of renal excretory function accom- 
panies experimental renal hypertension (3). 
Various views concerning the pathogenesis of 
the necrotizing lesion, based mainly upon 
studies carried out on the rat, have been pub- 
lished, and these have been the subject of re- 
cent reviews(3,4). One concept of the path- 
ogenesis of arteriolar necrosis which has won 
wide acceptance is that it is due solely to ele- 
vated blood pressure(5-9). Byrom and Dod- 
son(7), have even asserted that sudden, inter- 
mittent increases of intra-arterial pressure, in- 
duced for only a short period, in normal rats, 
by a series of rapidly repeated, sudden, forc- 
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ible, intracarotid injections of warm Ringer’s 
solution, resulted in the production, in a, few 
days, of what they interpreted as arterial and 
arteriolar necrosis, in the kidneys. It did not 
occur in kidneys the vascular bed of which 
had been protected from the sudden rise in 
intravascular pressure by occlusion of ‘the 
main renal artery just prior to and during the 
injections. They expressed the view that, al- 
though the necrotizing arteriolar lesions are 
the result of elevated blood pressure alone, 
yet, once produced, they might lead to a vi- 
cious circle whereby the damaged kidney 
could perpetuate the existing hypertension. 
Although these results of Byrom and Dodson 
(7) have not been confirmed (4), nevertheless 
this concept has been invoked to explain the 
pathogenesis of malignant hypertension. It 
seemed of importance, therefore, to repeat 
their experiments and, in order to make the 
test more rigid, it was decided to attempt to 
produce even greater sudden increases of ar- 
terial pressure than were attained by them. 
The maximum rise reported by Byrom and 
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Dodsont was 90 mm Hg. 

Method. In this study, young, female, 
albino rats varying from 170 to 220 g were 
used. The rises of blood pressure in the lower 
abdominal aorta caused by a series of sudden 
injections of Ringer’s solution through needles 
of various gauges from #22 to #19 were first 
determined in a number of rats anesthetized 
with ether which were sacrificed immediately 
after completion of the injections. In these 
rats the left carotid artery was first cannu- 
lated with a blunt hypodermic needle and the 
abdominal aorta was cannulated just below 
the origin of the main renal arteries with. a 
glass cannula measuring 0.8 mm in internal 
diameter at the tip. The cannula in the aorta 
was connected by plastic tubing with a mer- 
cury manometer (1.5 mm bore) and the ani- 
mal was then heparinized. The intracarotid 
needle was connected by means of a three- 
way stopcock to a 2 cc insulin-type syringe 
and to a bottle of sterile Ringer’s solution 
kept at 40°C. This arrangement permitted 
the filling of the syringe for rapidly repeated 
injections. The injections were made by hand, 
with as great force as possible, and the con- 
sequent rises of pressure in the lower ab- 
dominal aorta at the level of the origin of the 
renal arteries was observed by another per- 
son. It was found that the sudden, forcible 
injection of 2 cc of saline through needles of 
increasing gauge, gave increasing maximum 
elevations of blood pressure, but the maxi- 
mum recorded with any needle smaller than a 
#19 gauge was 86 mm, whereas with a 19 
gauge needle, the maximum attained in any 
animal was always well above 100 mm Hg 
above the basal level. In 8 rats in which a 19 
gauge needle was used and the rises in pres- 
sure were determined, the maximum rises 
varied from 138 to 194 mm Hg. In all the 


rats the rise in pressure was immediate and it 


began to drop even before the injection was 
completed. The injection of larger amounts 
of fluid (5 and 10 cc) caused smaller rises. It 
was decided, therefore, to use the 19 gauge 
needle and 2 cc of Ringer’s for this experi- 
ment. 


t Determined in only one rat. Personal communi- 
cation. 
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Experiments. For the definitive experi- 
ment, which required the survival of the ani- 
mals for four days, the procedure described 
above was followed, except that the aorta was 
not cannulated for the determination of the 
blood pressure, and the blood was not hepar- 
inized. Thirty female albino rats were used, 
and every animal received 15 intracarotid in- 
jections of 2 cc of sterile Ringer’s solution, 
through a #19 gauge needle, with an interval 
of 1 minute between injections. Upon com- 
pletion of the injections, the needle was with- 
drawn from the carotid artery, the vessel was 
ligated, and the incision in the neck was 
closed by means of interrupted stitches. The 
animals recovered quickly from the operation 
and were sacrificed with ether at the end of 
the fourth day after the injections. 


Results. At autopsy, in the gross, there 
were no significant changes in any of the or- 
gans. Pieces of tissue from the heart, 
stomach, duodenum, pancreas, mesentery, 
kidneys and, in some instances, brain, liver 
and adrenals were fixed in 10% formalin in 
normal saline, sectioned and stained with 
hematoxylin and eosin, for microscopic exam- 
ination. More sections of the kidneys were 
made than of any other organ or tissue, be- 
cause this was the main organ studied by By- 
rom and Dodson. Microscopic examination 
of these sections showed that in none of the 30 
rats was there a single instance of fibrinoid 
degeneration, necrosis or inflammation of 
large or small arteries or arterioles in any or- 
gan or tissue, and even periarteritis nodosa 
did not occur in any of these animals. The 
findings were essentially negative. 


Discussion. The results of this experiment 
make no positive contribution to the elucida- 
tion of the pathogenesis of arteriolar necrosis. 
We believe, however, that they tend to negate 
one of the most widely accepted views of the 
pathogenesis of fibrinoid necrosis of arterioles, 
namely, the mechanical effect of elevated 
blood pressure alone. In experiments similar 
to the present one, Johnston and Marples(4) 
also failed to observe necrotizing arterial and 
arteriolar lesions, but their failure to obtain 
them can be attributed to inadequate rises of 
blood pressure produced because they used a 
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#21 gauge needle. Similarly, the vascular le- 
sions observed in a few animals by Masson 
and collaborators(10) certainly cannot be at- 
tributed to great increases in intravascular 
pressure (their recorded maximum is about 
60 mm Hg), because they used a #22 gauge 
needle. By the use of a 19 gauge needle, how- 
ever, although we succeeded in producing 
great rises of pressure, yet we failed to find 
any degenerated or necrotic arterioles in any 
of our 30 rats. Fortunately, also, in not a 
single rat did periarteritis nodosa occur to 
complicate the result and confuse the issue. 
Byrom and Dodson(7) claimed to have ob- 
served what they called renal arteriolar ne- 
crosis in 10 out of 23 rats. Their illustrations, 
however, suggest that they were dealing with 
periarteritis nodosa, and even these vascular 
lesions were few in number. The illustrations 
of Masson et al.(10) are also of periarteritis 
nodosa. The question of the identity of peri- 
arteritis nodosa and the necrotizing vascular 
lesion of malignant hypertension has been a 
source of confusion and this will not be dis- 
cussed further here because we failed to ob- 
serve any such lesions in our rats. If it should 
be established eventually that the two condi- 
tions are identical, then the significance of 
the necrotizing vascular lesion, at least inso- 
far as hypertension in the rat is concerned, 
will greatly diminish, because in some strains 
of rat periarteritis nodosa occurs even in the 
absence of hypertension(3,11), or of impair- 
ment of renal excretory function. It is prob- 
able, however, that they are not identical, and 
it is therefore equally probabie that the ex- 
perimental conditions, as outlined by Byrom 
and Dodson, had nothing to do with the de- 
velopment of the vascular lesions which they 
observed in their rats. 
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Summary. Repeated intracarotid injections 
of warm, sterile, Ringer’s solution, carried out 
under high pressure in control rats, caused 
transient rises of intra-aortic (lower abdom- 
inal) blood pressure, up to 194 mm Hg above 
the basal level. Thirty rats thus treated failed 
to show the development of arterial or arteri- 
olar lesions of any kind, in the kidney or any 
other organ or tissue, when they were sacri- 
ficed at the end of 4 days after the comple- 
tion of the injections. The results of this 
study fail to confirm the finding of Byrom and 
Dodson of necrotizing arterial and arteriolar 
lesions in the kidney as a result of repeated 
sudden increases of systemic intra-arterial 
tension, and do not lend support to their con- 
tention that elevated blood pressure alone is 
a sufficient condition for the production of the 
arteriolar lesions characteristic of malignant 
hypertension. 
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Effect of Gram-Negative Endotoxin on Nephrotoxic Serum Nephrosis in 


Rats.* 
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Departments of Pathology and Pediatrics and Pediatric Research Laboratories, Variety Club 
Heart Hospital, Minneapolis 


Experimental renal disease produced in rats 
by intravenous administration of heterologous 
nephrotoxic antiserum has been studied by 
numerous investigators(1-7). The pathologic 
and clinical manifestations of the disease are 
variable, and depend upon such factors as 
manner of preparation and potency of the 
nephrotoxic serum(8), dose of serum given 
(3,9), time sequence of injections(7), and 
age and sex of the animals used(10). Recent 
efforts to enhance the nephrotoxicity of the 
serum with streptococcal culture filtrates were 
largely unsuccessful(11). Piel e¢ al.(4) de- 
scribed the occurrence of bilateral renal corti- 
cal necrosis in rats given large amounts of 
nephrotoxic serum. This lesion was associ- 
ated with deposits of hyaline fibrinoid material 
in the glomerular capillaries and was strikingly 
similar to the renal lesion of the generalized 
Shwartzman phenomenon in rabbits. Since 
the Shwartzman reaction had not been pro- 
duced previously in rats, the lesion was con- 
sidered to be non-specific and was not investi- 
gated further by these workers. Recently 
Gronvall and Brunson(12) reported that the 
generalized Shwartzman phenomenon could 
be produced regularly in rats by administra- 
tion of Gram-negative endotoxin in conjunc- 
tion with the high molecular weight acidic 
polymer, Liquoid (sodium polyanethol-sulfo- 
nate). 

These observations suggested that Gram- 
negative endotoxin might potentiate the renal 
disease produced by administration of neph- 
rotoxic serum and led us to investigate the 
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effects produced in rats by intravenous injec- 
tion of endotoxin in combination with nephro- 
toxic serum. 

Material and Methods. Nephrotoxic serum 
was produced in rabbits by repeated intra- 
peritoneal injection of rat kidney homogenate 
prepared according to the method described 
by Heymann and Lund(3). Lots of nephro- 
toxic serum from several rabbits were pooled 
and the potency of the material standardized. 
Sprague-Dawley rats of both sexes weighing 
250-350 g were utilized as a source of renal 
tissue for preparation of kidney homogenate. 
The potency of the nephrotoxic serum was 
established by noting the dosage required to 
produce a severe nephrotic syndrome in rats. 
158 female rats of the Sprague-Dawley strain, 
weighing 100 to 175 g were used in the study. 
These were fed Purina Fox Chow and had 
free access to water. All injectable solutions 
were made up to a volume of 1 cc. Animals 
given 2 substances thus received 2 cc of solu- 
tion. All injections were given intravenously 
by tail vein. The numbers of animals used in 
the various experiments are tabulated. Ani- 
mals dying during the experiment were autop- 
sied and blocks of heart, lungs, spleen, liver 
and kidney were placed in 10% neutral for- 
malin and sectioned in the usual manner for 
microscopic examination. EE. coli endotoxin 
(lipopolysaccharide Rx B35527) was gener- 
ously supplied by Mr. Aaron Lane of the 
Difco Laboratories, Detroit, Mich. Twenty- 
four hour urine specimens were collected in 
metabolic cages from rats which had free ac- 
cess to water only. Urinary proteins were 
measured early in the disease and again at 
the end of a week or 10 days using the Biuret 
method with a Bausch and Lomb Spectronic 
20 colorimeter. All surviving rats were killed 
approximately 10 days after injection and 
autopsied as indicated above. 


Results. Table I shows the survival rate 
and mean urinary protein excretion of rats 
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TABLE I. Effect of Nephrotoxic Serum on § 
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urvival of Rats Given Gram-Negative Bacterial 


Endotoxin, 
; Protein 
E No. excretion, 
Group No.of rats surviving mg/hr* 
Normal rats 7 7 : 
Normal rabbit serum (1 ¢¢) 5 Os ia 
Endotoxin (250 ) + 5 5 1.09 
a3 ( 10 y) 5 5 1.05 
Normal rabbit serum (1 ce) -++ endo- 5 5 1.04 
toxin (10 7) 
Normal rabbit serum (1 ¢¢) + endo- 5 5 1.43 
toxin (250 7) 
INGUSS ts (UNG) 13 11 8.90 
% (2 ee) 5 5 8.95 
io (1 ec) + endotoxin (300 vy) i) 0 
, ae % (250 —*) 8 3 13.5 
Idem (OO) 3 0 
z (50aae) 8 0 
x C10 8) 8 0 
y Gee 5 0 
i Gai 0») 8 2 12.8 
* Co 35) 5 2 
‘ (Garis s) 5 5 9.47 


* Mean mg/hr. t Lipopolysaccharide e1 


given normal or nephrotoxic rabbit serum and 
E. coli endotoxin separately or in combination. 
All animals that were given normal rabbit 
serum or lipopolysaccharide endotoxin alone 
or in combination survived. Rats given neph- 
rotoxic serum in doses (1-2 cc per rat) suff- 
cient to produce proteinuria regularly survived 
10 days. In contrast, when 1 cc of nephro- 
toxic serum was given together with endotoxin, 
a majority of the animals died in periods of 
3 to 24 hours following injection. For ex- 
ample, in the groups given amounts of endo- 
toxin varying from 300 y to 5 y, only 3 sur- 
vived longer than 24 hours. In each instance 
death was preceded by prostration, lethargy, 
ruffling of the fur, bloody nasal discharge and 
diarrhea. The survival rate increased when 
endotoxin was given in doses of less than 1 y. 
At 0.5 y 2 of 5 rats survived, and all animals 
given 1 cc of nephrotoxic serum in combina- 
tion with 0.1 y E. coli endotoxin survived. 
Urinary protein excretion of rats given 
nephrotoxic serum alone in the dosages used 
was about 7 times that of normal rats. The 
protein excretion of animals injected with 
normal rabbit serum or endotoxin alone and 
in combination varied little from the normal 
controls. Proteinuria among the few animals 
which survived injections of nephrotoxic serum 
and endotoxin was of approximately the same 


idotoxin from #. coli. ¢ Nephrotoxie serum. 


magnitude as in rats given nephrotoxic serum 
alone. 

Morphologic changes. Gross changes in 
the animals which died following combined 
nephrotoxic serum and £. coli endotoxin in- 
jection included ascites, pulmonary hemor- 
rhages and enlarged bluish-red kidneys with 
tense capsules. On cross section the kidney 
lesions were suggestive of early bilateral corti- 
cal necrosis and if the animals had survived 
longer it is probably that the characteristic 
changes of the generalized Shwartzman phe- 
nomenon would have been more apparent. 

Microscopic examination of the kidneys 
from rats dying after simultaneous injection _ 
of endotoxin (all dosages) plus 1 cc of neph- 
rotoxic serum revealed deposition of hyaline 
fibrinoid material in the glomerular capillaries 
together with tubular necrosis, eosinophilic 
staining tubular casts and_ proliferation of 
glomerular capillary endothelial cells (Fig. 1). 

Kidneys from rats given nephrotoxic serum 
alone showed only a proliferation of endo- 
thelial cells similar to that which occurs in 
acute glomerulonephritis in man (Fig. 2) 

Discussion. The relative resistance of rats 
to the lethal action of large doses of lipopoly- 
saccharide endotoxin observed by others(13) 
is supported by our investigations. Intraven- 
ous injection of as much as 250 y failed to kill 
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Periodic acid-Schiff stain of a glomerulus 
from a rat given 1 cc of nephrotoxic serum simul- 


taneously with 150 y of E. coli endotoxin. Death 

occurred within 24 hours. Note moderate prolifera- 

tion of capillary endothelial cells, glomerular capil- 

lary occlusion with Schiff-positive fibrinoid material, 
and early tubular necrosis. X 360. 


any animals. The relatively high properdin 
values(14) found in this species might par- 
tially explain the rat’s resistance to the lethal 
and necrotizing effects of endotoxin. One 
might also postulate a more rapid clearance of 
endotoxin by the reticuloendothelial tissues 
(15) in rats than in other animals. Whatever 
its basis, this resistance to endotoxin is readily 
overcome by a simultaneous injection of neph- 
rotoxic serum. When given together with 
nephrotoxic serum, even minute amounts of 
endotoxin (0.5 y) produced early death and 
the morphological picture of the generalized 
Shwartzman reaction. One hundred per cent 
survival of rats given 0.1 y of endotoxin in 
combination with nephrotoxic serum indicates 
that a minimum amount of endotoxin neces- 
sary for the lethal effect has been reasonably 
well defined. 

The mechanism by which nephrotoxic serum 
and Gram-negative endotoxin act together to 
produce this pronounced lethal effect in rats 
is unknown. However, the observations pre- 
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sented here are similar to those made previous- 
ly in these laboratories(16-18) demonstrating 
enhancement of lethal and necrotizing effects 
of endotoxin in rabbits by prior treatment 
with cortisone and prior or simultaneous in- 
jection of thorotrast, trypan blue, colloidal 
iron or colloidal carbon. Thus, nephrotoxic 
serum might interfere with the capacity of the 
R. E. system to clear endotoxin from the 
blood. At present, we have no evidence to 
support this concept but experiments to test 
the possibility seem indicated. 

Gronvall and Brunson(12) produced the 
generalized Shwartzman reaction and death 
in rats by administering endotoxin together 
with or prior to injection of sodium polyan- 
ethol sulfonate (Liquoid). It seems unlikely 
from the timing and requisite sequence of the 
injections in their studies that the polysac- 
charide polymer exerts its effect by produc- 
ing ‘‘reticuloendothelial blockade.” Investi- 
gations by Thomas, ef al.(19) have indicated 
that other mechanisms are involved in the 
apparent synergism of large molecular weight 
acidic polymers and endotoxin. Experiments 
to test the possibility of these mechanisms be- 
ing the basis for the synergistic action of neph- 
rotoxic serum and Gram-negative endotoxin 
are in progress. These include variations in 
the sequence and time relationships of injec- 
tions and attempts to prevent the renal lesions 
with heparin and nitrogen mustard(20,21). 
Preliminary studies(22) have shown a deple- 
tion of the heparin-precipitable protein nor- 


FIG. 2. Periodic acid-Schiff stain of a glomerulus 
from a rat given 1 cc of nephrotoxic serum alone. 
Killed 10 days after injection. Note proliferation of 
glomerular capillary endothelial cells and absence of 
Schiff-positive material. XX 275. 
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mally present in rat plasma following injection 
of nephrotoxic serum alone ‘or in combination 
with endotoxin. This observation suggests 
that nephrotoxic serum may have a similar 
action to the large molecular weight acidic 
polymers. | 


Our pathological studies indicate that still 
a third mechanism might be found basic to 
the synergistic action of nephrotoxic serum 
and Gram-negative endotoxin. Nephrotoxic 
serum produces proliferation and swelling of 
the endothelium of glomerular capillaries 
which might render these blood vessels more 
susceptible than normal to the necrotizing ac- 
tion of endotoxin. Similar changes produced 
in the general vascular system, even though 
not recognizable by light microscopy, might 
account for the lethal effect and the general 
vascular susceptibility to the necrotizing pro- 
cess. 

These investigations may provide an ex- 
planation for the recent observations of Bax- 
ter and Goodman(7) who found that nephro- 
toxic serum incubated with rat intestine re- 
sulted in a product which killed all rats when 
injected intravenously. In contradistinction, 
nephrotoxic serum incubated with other or- 
gans and tissues had no such effect. It is 
likely that the lethal effect they observed was 
a function of a synergistic action of nephro- 
toxic serum and minute amounts of lipopoly- 
saccharide endotoxin of bacterial origin de- 
rived from intestinal tissues. Likewise, the 
occasional instance of bilateral cortical ne- 
crosis observed by Piel e¢ a/.(4) in animals 
given nephrotoxic serum alone may have been 
due to a synergistic action of nephrotoxic 
serum and minute quantities of bacterial en- 
dotoxin absorbed from the bowel or endotoxin- 
like polysaccharides derived from other tis- 
sues. 

More important are the implications of these 
experiments that a complicating factor other- 
wise of so little consequence to the rats can 
result in death and widespread fibrinoid ne- 
crosis when the kidneys have been damaged 
by nephrotoxic serum. Several diffuse renal 
diseases in man have a common pathological 
lesion in the end stage. One might speculate 
that the underlying disease process induces an 
extreme vulnerability of the vessels to the 
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necrotizing actions ef certain lipopolysacchar- 
ides. Thus, a “complicating factor” actually 
might induce the progressive renal disease and 
could be primarily responsible for the morpho- 
logical characteristics of the end state. Stetson 
(23) and Schwab et al.(24) found that group 
A streptococci contain an endotoxin similar to 
Gram-negative bacterial endotoxins. Landy 
(25) discovered polysaccharides with endo- 
toxin-like action to be widely distributed in 
nature, including mammalian tissues. These 
observations permit postulation that toxins 
capable of producing the pathological lesions 
described here might be derived from sources 
other than Gram-negative bacteria. Further 
studies to evaluate this hypothesis are in 
progress. 

Summary. 1) Intravenous injection of small 
amounts of nephrotoxic serum produced a 
syndrome in rats whose characteristics include 
proteinuria and proliferation of glomerular en- 
dothelial cells. This dosage of nephrotoxic 
serum was well tolerated by the rats. 2) Rats 
were shown to tolerate E. coli lipopolysac- 
charide endotoxin over a wide range of dos- 
ages. 3) Simultaneous injection of nephro- 
toxic serum and minute amounts of Gram- 
negative bacterial endotoxin resulted in acute 
death in a high percentage of rats and renal 
lesions resembling those of the generalized 
Shwartzman reaction. 4) The possible im- 
plications of these observations on suscepti- 
bility to necrotizing effects of endotoxin-like 
substances and on the pathogenesis of renal 
disease are discussed. 
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This laboratory has been interested in de- 
veloping procedures for evoking hypertension 
in subhuman primates such as the rhesus 
monkey(1). There being essentially no de- 
finitive data on variations in blood pressure of 
the normal rhesus monkey, determination of 
the limits of such variations was a necessary 
preliminary to studies on hypertension. This 
report includes observations on blood pressure 
variations in normal and splenectomized mon- 
keys acquired with 2 indirect methods as well 
as comparisons of these indirect readings with 
measurements of the arterial pressure ob- 
tained directly with a strain gauge. 

Materials and methods. Animals. Young 
male and female rhesus monkeys weighing 
from 3 to 12 kilos were used. Details of the 
care and feeding of animals in this colony 
have been described by Schmidt and Genther 
(2). Three groups of monkeys were employed 
in these studies. The first group comprised 
14 normal monkeys on which blood pressure 
measurements were made repeatedly over a 
2-month period using the 2 indirect blood pres- 
sure methods described below. The second 
group consisted of 27 splenectomized animals 
on which control blood pressures were meas- 


ured for 2 months in the same fashion as the 
first group. These monkeys had been in- 
fected with malaria, their infections cured by 
various chemotherapeutic agents, and _ this 
fact confirmed by splenectomy. The blood 
pressure studies were begun 2 or more months 
after splenectomy. After the control period 
the majority of these animals were used in 
studies on experimental hypertension. How- 
ever, 6 were observed as controls for an addi- 
tional 12 months, observations on these ani- 
mals providing data on stability of simian 
blood pressure levels over an extended period. 
The third group consisting of 46 anesthetized 
monkeys was used in comparing the direct 
and indirect blood pressure methods. Of 
these, 43 had no known cardiovascular or 
renal disease while the remaining 3 had mod- 
erate experimental hypertension. The pro- 
cedure used in handling the monkeys was an 
important factor in securing reproducible 
blood pressure measurements. The monkeys 
were housed in large cages, each containing 6 
to 10 animals. The cages opened individually 
onto a narrow corridor to which animals were 
admitted one at a time. The monkey was 
caught on its first run, then allowed to rest 
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with minimal manual restraint for 5 minutes 
prior to beginning blood pressure measure- 
ments. During the measurements the animal 
was held in a sitting position with its legs 
pinned gently over the edge of the table by the 
thigh of the assistant. The monkey’s head 
was held in the assistant’s right hand and its 
left arm (if this extremity was to be used for 
pressure measurement) extended horizontally 
by the assistant’s left hand. Most monkeys 
could be trained to sit quietly; however, those 
that showed no evidence of training after a 
2- to 3-week period were returned to stock. 


Blood pressure measurements. Indirect 
methods. Indirect measurements of systolic 
and diastolic blood pressures were made es- 
sentially as in man using either a “cloth” or 
“metal” cuff. The cloth cuff, a modified 
“newborn” cuff, consisted of an inflatable rub- 
ber bag, 1 by 2 inches, enclosed in a cloth 
cover 114 by 14 inches. Ties sewed to the 
end of the cover facilitated rapid application 
to the animal’s arm. The cuff was wrapped 
snugly around the extended left (or right) 
arm as close to the body as possible. Care was 
taken not to occlude venous return; when the 
cuff was applied loosely, high and variable 
readings resulted. The ‘“‘metal” cuff consisted 
of a short metal or plastic cylinder fitted in- 
side with an airtight rubber sleeve. Air 
pumped into the space between the cylinder 
and sleeve through a tubulature forced the 
rubber sleeve against the arm, compressing 
the arm equally from all directions. Since the 
diameter of the arm varies with the size of the 
monkey, a series of cuffs with internal diame- 
ters of 45, 55, 65 and 75 mm and varying in 
length from 45 to 65 mm were employed. 
These sizes were adequate for monkeys weigh- 
ing from 2 to 12 kilos. The Korotkoff pulse 
sounds were rather faint in some animals; 
therefore, to obtain the best sound it was im- 
portant to use a small stethoscope bell (15 
mm I.D.) and to place the bell directly over 
the artery. Pressure readings were made in 
triplicate, the average to the nearest 5 mm 
being recorded. In quiet, trained monkeys 
these readings never varied by more than 10 
mm Hg; wider variations indicated that the 
animal was excited or insufficiently rested. 
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Since excited animals usually had elevated 
cardiac and respiratory rates as well, these 
latter measurements, which were obtained 
routinely, provided additional checks on the 
reliability of the blood pressure readings. 

Direct measurements. For these measure- 
ments the brachial or femoral artery was ex- 
posed under pentobarbital anesthesia and can- 
nulated with a short, blunt 18- or 19-gauge 
needle. The needle was connected to a trans- 
ducer (Model P23A Statham strain gauge), 
and pressure changes were recorded photo- 
graphically (Cambridge Simplitrol electro- 
cardiograph). The indirect blood pressure 
readings were compared with direct blood 
pressure measurements in 46 monkeys, a to- 
tal of 505 comparisons being made of the di- 
rect pressure in the brachial or femoral artery 
with the indirect pressure in the arm meas- 
ured at the same time with a cloth or metal 
cuff. The indirect pressure measurements 
were never biased by knowledge of the direct 
readings being recorded simultaneously since 
the direct readings were calculated from pho- 
tographic records after an experiment was 
concluded. 


Results. Blood pressure range in control 
monkeys. Mean systolic and diastolic blood 
pressures of 14 control monkeys determined 
indirectly with the cloth and metal cuffs are 
presented in Table I. It is evident that the 
cloth cuff readings were substantially higher 
than those obtained with the metal cuff, the 
cloth cuff technic giving an average systolic 
and diastolic pressure for the group of 159/ 
127 mm Hg as contrasted with group average 
of 118/90 mm for the metal cuff. Mean 
blood pressures in different animals varied 
widely; with the cloth cuff the mean values 
for individual monkeys ranged from 137/112 
to 188/152, with the metal cuff from 103/78 
to 132/101 mm. 


Data on splenectomized monkeys, also sum- 
marized in Table I, show that mean pressures 
in this group were slightly but not signifi- 
cantly lower than those of the intact control 
group. Thus the splenectomized group had 
average systolic and diastolic pressures of 
149/116 and 112/84 mm Hg for the cloth and 
metal cuffs respectively and exhibited the 
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TABLE I. Arterial Blood Pressures of Control and Spleneetomized Monkeys Measured by Two 
Indirect Methods. 


Deen eee eee ee eee nee eee eee ee 
_——————<—_——— LEE 


-——No. of ——\, 


Blood pressure in mm Hg 


Obser- Systolic Diastolic 
Type of monkey Monkeys vations Cuff ———— Mean + 8.D. (range) ————_, 
Control 14 315 Cloth 158.8 + 12.8 WG ae Wi) 
ss (137-188) (10-17) (112-152) (8-15) 
14 315 Metal IMy/eay sie fen! 89.5 == 7.4 
(103-132) (6-10) (78-101) (5-10) 
Splenectomized 27 526 Cloth WAR) se TU) ING) ee AMOK: 
(123-170) (8-16) (94-134) (7-16) 
27 526 Metal Hii: Se ll SB a= 7fsil 


(94-131) (4-12) (70-101) (5-10) 


same wide range of mean values in individual 
monkeys as was observed in the contrel group. 
The standard deviations of the metal cuff 
readings were always smaller than those of 
the corresponding cloth cuff measurements, 
i.e., 7 and 12 mm respectively. Thus for an 
individual monkey systolic and diastolic pres- 
sures would vary within a 30 mm range when 
measured with the metal cuff and within a 50 
mm range when the cloth cuff was used. Pres- 
sures were more variable in some monkeys 
than in others, but degree of variation was not 
related to blood pressure level. There was 
relatively good correlation between cloth and 
metal cuff readings in a given monkey; the 
correlation coefficient (r) of the 2 mean sys- 
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FIG. 1. Comparison of indirect (metal cuff) systolic 
pressure readings with systolic pressures measured 
directly in brachial (A) or femoral (B) artery. In- 
direct diastolic readings compared with direct di- 
astolic pressures in brachial (C) or femoral (D) 
artery. Solid line is that of equal values on the 2 

scales. 
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tolic readings was 0.92 and for the 2 mean di- 
astolic pressures the coefficient was 0.85. 


The relative stability of the blood pressure 
in non-treated monkeys is illustrated by data 
obtained on the 6 splenectomized but other- 
wise normal animals studied for 12 months 
following their initial 2 month observation 
period. At no time did mean systolic or dias- 
tolic pressures of any of these monkeys vary 
by as much as 10 mm Hg from the mean val- 
ues obtained for the same animal during the 
initial observation period. 


Comparison of direct and indirect blood 
pressures. The relationships between the 2 
indirect blood pressure readings and the intra- 
arterial pressure measured directly with a 
strain gauge were defined by making 8 types 
of comparisons. The results are shown in 
Fig. 1 and 2. Each dot represents an asso- 
ciated pair of direct and indirect pressure 
readings obtained simultaneously in the same 
monkey. The heavy broken line in each fig- 
ure represents the regression, calculated by 
the method of least squares, of the indirect 
pressure on the direct pressure. The thin 
solid line in each figure is the line of equal 
values. In Fig. 3 these 8 regression lines des- 
ignated A to H have been superimposed to 
permit easier comparison. 

Comparison of systolic and diastolic pres- 
sures measured directly in the brachial or 
femoral artery with the corresponding indirect 
readings in the arm measured with the metal 
cuff (Fig. 1; curves A and C, brachial; curves 
B and D, femoral) indicates that the direct 
readings were consistently higher than the in- 
direct (metal cuff) readings except for curve 
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FIG. 2. Comparison of indirect (cloth cuff) systolic 

pressure readings with systolic pressures measured 

directly in brachial (E) or femoral (F) artery. In- 

direct diastolic readings compared with direct di- 

astolic pressures in brachial (G) or femoral (H) 

artery. Solid line is that of equal values on the 2 
scales. 


D, in which the indirect diastolic pressure in 
the arm is compared to the direct diastolic 
pressure in the femoral artery. The direct 
readings exceeded the corresponding indirect 
readings by about 10 mm Hg in the normoten- 
sive range. The opposite relationship was 
found between direct pressure and pressure 
estimated indirectly using the cloth cuff (Fig. 
2). In this case the direct measurements were 
always lower than the indirect (cloth cuff) 
readings. As with the metal cuff, the differ- 
ence became more pronounced at higher blood 
pressure levels. 

These data indicate several noteworthy 
trends. In the first place, cloth cuff readings 
were always higher and slightly more variable 
than the metal cuff readings, the difference 
between the 2 readings becoming slightly 
more pronounced at higher blood pressure 
levels. Secondly, direct blood pressure meas- 
urements obtained with a strain gauge fell 
about midway between the cloth and metal 
cuff readings. Thus the average blood pres- 
sure of normal monkeys, if it could be meas- 
ured directly without anesthetizing or excit- 
ing the animals, would be about 130/100 mm 
Hg 
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Discussion. There are very few reports in 
the literature on btood pressure variations in 
normal or hypertensive monkeys. Attempts 
to use the indirect method of McGregor(3) 
employed by Goldblatt(4) gave extremely 
variable results even in anesthetized animals. 
Direct femoral puncture, the procedure em- 
ployed by Frank and Wakerlin(5) also 
yielded unsatisfactory results. This method 
is technically difficult and gives only an un- 
defined average pressure when a mercury 
manometer is used. Restraint of the monkey 
on a board, required by either procedure, 
often excites the animal, causing an abnormal 
elevation of the blood pressure. 

The indirect procedures described in this 
report are applicable to either unanesthetized 
or anesthetized animals. The methods pos- 
sess certain inherent sources of error charac- 
teristic of most indirect procedures(6,7). 
However, by careful attention to detail it 
has been possible to define accurately blood 
pressure levels in untreated animals and to 
establish the significance of blood pressure 
changes following several types of treatments 
(1). Roughly 11,000 determinations on about 
90 animals have been made to date; in some 


200) 


HG 


MM 


PRESSURE 


INDIRECT 


1 i 1 1 


i 
150 


100 
DIRECT PRESSURE MM. HG 


FIG. 3. The 8 regressions of indirect on direct pres- 
sure measurements shown in Figs. 1 and 2 are super- 
imposed. A and B, metal cuff systolic; C and D, 
metal cuff diastolic; E and F, cloth cuff systolic; G 
and H, cloth cuff diastolic. In A, C, E and G direct 
pressure was measured in brachial artery and in B, 
D, F and H, in femoral artery. The thin solid line 
is that of equal values on the 2 scales. 
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animals blood pressure levels have been fol- 
lowed for as long as 2 years. The rather un- 
expected stability of systolic and diastolic 
blood pressures in rhesus monkeys makes this 
animal admirably suited for experiments in 
which blood pressure changes accompanying 
an experimental procedure are to be investi- 
gated. 

Summary. Arterial blood pressures have 
been determined in unanesthetized monkeys 
by 2 indirect methods. Using a small “new- 
born” cuff (cloth cuff) on the upper arm and 
auscultation of the sounds in the brachial ar- 
tery, mean blood pressure in 14 normal mon- 
keys was found to range from 137/112 to 
188/152 mm Hg with a group average of 
159/127. With a cuff consisting of a rigid 
metal shell enclosing a rubber sleeve (metal 
cuff), mean pressures ranged from 103/78 
to 132/101, the group average being 118/90 
mm. In 27 splenectomized, but otherwise 
normal, monkeys the blood pressures were 
slightly but not significantly lower. Metal 
cuff pressure readings were found to be con- 
sistently less variable than corresponding 
cloth cuff values, the respective average 
standard deviations in normotensive animals 
being 7 and 12 mm. Blood pressures in un- 
treated animals estiinated by either indirect 
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method were relatively stable; in no instance 
did mean systolic or diastolic pressure during 
a 12-month period vary by as much as 10 mm 
Hg from the mean values obtained during an 
initial 2-month observation period. Simul- 
taneous comparisons of indirect (cloth or 
metal cuff) and direct (strain gauge) blood 
pressure measurements in 46 anesthetized ani- 
mals indicated that the metal cuff readings 
were lower and the cloth cuff readings higher 
than measurements obtained directly in the 
same artery with a strain gauge. The blood 
pressure as measured directly with a strain 
gauge fell about midway between the corre- 
sponding cloth and metal cuff readings. 
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Cart C. SMITH AND ALLEN ANSEVIN 
Christ Hospital Institute of Medical Research, Cincinnati, O 


There have been few reported studies on 
induction of experimental hypertension in the 
rhesus monkey. The investigation described 
here deals with attempts to provoke hyper- 
tension in this species by procedures which 
have been successful in rats, dogs, and other 
experimental animals. These procedures in- 
cluded temporary unilateral renal artery oc- 
clusion(1), unilateral or bilateral silk peri- 
nephritis(2), unilateral or bilateral constric- 
tion of the renal arteries with silk ligatures 
(3) or clamps(4), and oral administration of 
excessive amounts of sodium chloride(5). 


Materials and methods. Animals. Sixty 
rhesus monkeys (Macaca mulatta), 26 males 
and 34 females, weighing from 3 to 12 kilos 
were used in this study. General care and 
feeding followed the pattern described by 
Schmidt and Genther(6). All animals had 
been infected previously with malaria, their 
infections cured by various chemotherapeutic 
agents, and this fact proved by absence of 
parasitemia following splenectomy. These 
monkeys were indistinguishable from intact 
control animals insofar as range and variabil- 
ity of systolic and diastolic blood pressures 
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are concerned(7). Producing hypertension. 
Temporary unilateral renal artery occlusion 
(1). In 7 monkeys blood flow to the right 
kidney was interrupted for one hour; in 2, 
flow was interrupted for 2 hours. After the 
prescribed time interval the clamp occluding 
the renal artery was removed and contra- 
lateral nephrectomy was performed immedi- 
ately thereafter. Silk perinephritis(2). A. 
In 6 monkeys the right kidney was exposed 
through a lumbar incision and wrapped 
snugly in silk cloth, care being taken not to 
obstruct blood flow through the pedicle. B. 
In 6 monkeys the right kidney was wrapped 
as in A and contralateral nephrectomy was 
performed immediately thereafter. C. In 8 
monkeys both kidneys were wrapped in silk 
as in A, the interval between the 2 wrappings 
varying from 7 to 21 days. Stenosis of renal 
arteries with ligatures(3,8). In 16 monkeys 
the renal arteries were exposed retroperi- 
toneally and a loop of heavy silk thread 
placed around both the artery and a stylet 
held adjacent to it. After the tie was made, 
the stylet was withdrawn. Of the 16 mon- 
keys, 12 had been operated upon 5 months 
previously (renal artery occlusion or silk peri- 
nephritis) but had remained normotensive. 
Bilateral renal artery constriction with clamps 
(4). In 15 animals not used previously in 
this investigation both renal arteries were con- 
stricted with small adjustable clamps. These 
clamps were constructed from one-inch strips 
of 1/16 inch thick methyl methacrylate (Lu- 
cite), %4 inch wide and bent in the shape of a 
flat “V”, the arms of which could be closed 
by a stainless steel adjusting screw. In all 
instances the right renal artery was con- 
stricted first, the left renal artery 26 to 28 
days later. Following the suggestions of Wak- 
erlin(9), Schroeder and Goldman(10), and 
Goldblatt(4), attempts were made to reduce 
flow to one-third of normal. This point was 
difficult to judge even with transparent 
clamps. Seven of the animals developed ure- 
mia following application of the second 
clamp; in 5 of these, loosening or removing 
the second clamp failed to lower the uremia 
or to prolong life. Sodium chloride adminis- 
tration(S). The effect of excessive dosage of 
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NaCl was studied_in 29 monkeys. Twenty 
of the group had been operated upon 4 to 6 
months previously. Three of these had been 
subjected to temporary unilateral renal ar- 
tery occlusion; 5 to unilateral silk perinephri- 
tis; 4 to unilateral silk perinephritis and con- 
tralateral nephrectomy; and 8 to bilateral silk 
perinephritis. Three others had had one kid- 
ney removed several months previously, while 
the remaining 6 monkeys were untreated con- 
trols. For the first 16 days NaCl was admin- 
istered orally as a 4% solution at a daily dose 
of 400 mg/kg. For the following 14 days this 
same dose was supplemented by adding NaCl 
in a concentration of 0.5% to the diet and 
drinking water. For the final 22-day period 
the oral dose was raised to 800 mg/kg and the 
concentration in the diet to 1%. The average 
daily salt intake was 400 mg/kg for first 16 
days, 1300 to 1800 mg/kg for the sec- 
ond period, and 2100 to 2600 mg/kg for the 
final 22-day period. Blood pressure measure- 
ments and incidental studies. Systolic and 
diastolic blood pressures were measured in- 
directly by the “newborn” cloth cuff and/or 
metal cuff procedures described by Smith and 
Ansevin(7). On each animal measurements 
were made 2 or 3 times each week during a 
control period of 2 or more months and at 
similar intervals during the experimental pe- 
riod. All monkeys were under close daily 
observation and were weighed weekly. The 
concentrations of sodium, potassium, and urea 
nitrogen in serum were determined biweekly 
or more frequently when indicated. Necrop- 
sies were performed immediately after death 
on all animals that succumbed. All surviving 
animals were sacrificed. In all cases weights 
of the heart, adrenals, liver, and kidneys were 
obtained. Segments of these and other organs 
were taken for histopathologic examination. 
The results of these studies will be reported 
separately. 

Criteria of hypertension. The variation in 
the blood pressure of the normal rhesus mon- 
key has been dealt with in the previous paper 
(7). As illustrated by the data in Fig. 1A, 
blood pressures of untreated animals were re- 
markably stable. Over a 12-month observa- 
tion period average systolic and diastolic 
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TABLE I. Effectiveness of Various Experimental Procedures in Inducing Hypertension. 


No. of monkeys used in exp. procedure————_,, 


ae 
7——— Blood pressure TES POOS 2 aa No. dying 
-—— Hypertension ——, in acute re- 
Exp. procedure Total None Slight Moderate Severe nal failure 
Unilateral renal artery occlusion 9 5 4 
Silk perinephritis 
A. Unilateral 6 5 1 
B. Unilateral, contralateral 6 6 i 
nephrectomy 
C. Bilateral 8 6 1 
Renal artery stenosis with silk liga- 16 0 1 2 2 li 
tures 
Bilateral renal artery constriction 15 3 al i 3 if 


with plastic clamps 


blood pressures never varied more than + 10 
mm from the mean pressure levels obtained 
during the initial 2-month standardizing pe- 
riod. This stability in the blood pressure of 
the normal monkey made it comparatively 
easy to establish criteria for hypertensive re- 
sponse. Monkeys whose blood pressures be- 
came consistently elevated above their pre- 
treatment levels were considered to be hyper- 
tensive, the degree of elevation being classified 
as slight, moderate or severe. Elevations in 
mean pressure of 15 to 30 mm as measured 
with the metal cuff were classified as slight, 
elevations of 30 to 50 mm as moderate, and 
elevations greater than 50 mm as severe hy- 
pertension. 

Results. Data in Table I show that restric- 
tion of the total blood supply to the kidney 
was by far the most effective method of in- 
ducing hypertension. Thus all 5 monkeys 
which survived constriction of the renal ar- 
teries through use of silk ligatures developed 
some degree of hypertension. In 2 the reac- 
tion was severe (Fig. 1D), in 2 moderate 
and in one slight. When constriction was 
achieved with plastic clamps, 5 of 8 surviving 
animals exhibited hypertensive changes, 3 
being classified as severe and one each as 
moderate (Fig. 1B) or slight. 

The hypertensive changes in the above ani- 
mals were obtained at the price of a high over- 
all mortality. Thus 18 of the 31 animals in 
the combined silk ligature-plastic clamp 
groups died in acute renal failure 3 to 23 days 
after the final operation. Two other animals 
with hypertensive responses also succumbed. 


One animal developed severe hypertension 2 
weeks after the second clamp had been ap- 
plied and died 7 weeks later in renal failure 
(Fig. 1C). The remaining monkey presented 
an unusual blood pressure response which will 
be discussed subsequently. 

Attempts to produce hypertensive changes 
by other procedures were relatively non-pro- 
ductive. Temporary unilateral renal artery 
occlusion produced no elevation in blood 
pressure. None of the animals subjected to 
silk perinephritis, either unilaterally or bi- 
laterally, developed severe hypertension. One 
animal with one kidney wrapped in silk de- 
veloped moderate hypertension. Necropsy 4 
months after operation revealed gross suppur- 
ation in the area of the silk. Of the 8 animals 
with bilateral silk perinephritis, one developed 
moderate and another slight hypertension 
during an observation period of approximately 
11 months. 

In the monkeys fed excessive amounts of 
sodium chloride in their diet and drinking 
water, blood pressure responses were variable. 
Sustained elevations in pressure occurred in 
only 3 animals: one monkey with temporary 
unilateral renal occlusion; one unilaterally 
nephrectomized animal; and one control mon- 
key. The experiment was terminated after 52 
days when many of the monkeys became 
weak, began to lose weight and appetite, and 
showed evidence of enteric irritation. 

Discussion. There have been few reports 
on production of experimental hypertension in 
the monkey although this condition has been 
studied extensively in other laboratory ani- 
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FIG. 1. Blood pressure readings in a control monkey and in monkeys with experimental hyperten- 


sion; systolic (@) and diastolic (©). In each 
systolic pressure + one standard deviation, the 
Operative procedures are indicated by arrows. 


to moderate hypertension following bilateral renal 
C. Severe hypertension following bilateral renal artery constriction with plastic 


cuff readings. 


clamps. Monkey died in renal failure; metal cuff readings. 
lateral renal artery stenosis with silk ligatures; 


mals. Goldblatt(4) described elevations in 
blood pressure in 3 of 5 monkeys following 
application of clamps to both renal arteries. 
In one animal indirect blood pressure meas- 
urements as high as 300 mm Hg were re- 
corded; however, none of the animals had 
“malignant hypertension” (11). Frank and 
Wakerlin(12) dealt briefly with production 
of moderate hypertension in a larger series of 
monkeys using the Goldblatt method. 

Of the 6 operative procedures compared in 
this study, only constriction of the renal ar- 
teries, either with silk ligatures or plastic 
clamps, induced significant elevation of blood 
pressure. These technics invoked hyperten- 
sive changes in 10 of 13 animals which sur- 


graph the upper box represents mean preoperative 


lower box, mean diastolic pressure — one st. dev. 


A. Control monkey; metal cuff reading. B. Slight 


artery constriction with plastic clamps; metal 


D. Severe hypertension following bi- 
cloth cuff readings. 


vived 3 or more weeks after operation. In 8 
of these monkeys the elevations were moder- 
ate or severe. Although constriction of the 
renal arteries was an effective method for pro- 
ducing hypertension, degree of stenosis was 
critical; only a slight overconstriction led to 
acute renal failure and death. 

The remaining 4 procedures, capable of 
producing hypertension in such laboratory 
animals as the rat, rabbit, or dog, were inef- 
fective in producing elevations in blood pres- 
sure in the monkey. The observations of 
Koletsky(13) in rats suggest that temporary 
renal artery occlusion followed by contra- 
lateral nephrectomy might have been more ef- 
fective had the normal kidney been removed 
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FIG. 2. Blood pressure readings following unilateral 

renal artery stenosis with silk ligature and contra- 

lateral nephrectomy. Cloth cuff readings; systolic 
(@) and diastolic (QO). 


at a later time when acute damage to the oc- 
cluded kidney had been partially repaired. 
The 3 procedures employing silk perinephritis 
were ineffective, apparently because the silk 
caused very little inflammatory reaction ex- 
cept in those few instances in which it be- 
came infected accidentally. Examination of 
the wrapped kidneys at necropsy indicated 
that the silk had begun to disintegrate after 
it had been in the body about 6 months and 
after a year or more was discernible only as a 
small nodule where the purse-string tie had 
been made. 

Blood pressure changes observed in Mon- 
key 4900 (Fig. 2) are of interest in connection 
with the role of the liver in maintenance of 
hypertension. Raaschou and Trautner(14) 
found that ligation of the common bile duct 
in dogs with experimental renal hypertension 
caused a marked reduction in blood pressure 
often to normotensive levels. A similar series 
of events appears to have occurred by accident 
in Monkey 4900. Following application of a 
silk ligature to the single remaining renal ar- 
tery, the monkey developed extreme hyper- 
tension. Apparently, at this point, there was 
bleeding into the gall bladder and bile ducts 
with clot formation producing complete bili- 
ary stasis. There was an abrupt drop in blood 
pressure to subnormotensive levels, and this 
suggests that in the monkey as in the dog, 
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and possibly also in man(15,16), certain func- 
tions of the liver are essential for maintenance 
of elevated blood pressure at least during 
early hypertension. 

Summary. Six methods useful in producing 
experimental hypertension in other laboratory 
animals were studied in rhesus monkeys. Two 
methods involving direct constriction of the 
renal arteries either by silk ligatures or small 
transparent plastic clamps resulted in a sig- 
nificant incidence of hypertension. Of 13 
animals which survived 23 days or longer after 
renal artery constriction, 10 developed hyper- 
tension. The degree of constriction was criti- 
cal, and a significant proportion of the ani- 
mals succumbed in acute post-operative renal 
failure. Four other methods used successfully 
in rats, rabbits, or dogs were ineffective in the 
monkey. These included: (1) unilateral tem- 
porary renal occlusion and contralateral ne- 
phrectomy; (2) unilateral silk perinephritis; 
(3) unilateral silk perinephritis and contra- 
lateral nephrectomy; and (4) bilateral silk 
perinephritis. Administration of large oral 
doses of sodium chloride per se did not induce 
hypertension, nor did it increase the effective- 
ness of any of the above 4 procedures. Atten- 
tion has been called to some of the factors 
which may have contributed to the failure of 
certain of the methods to produce hyperten- 
sion in the monkey. 
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Porphyrin Synthesis by Mouse Harderian Gland Extracts: Sex, Age, and 


Strain Variation.* 


(23501) 


FRANK H. J. Ficcr AND Rocer H. DavipHEIsERt 
Department of Anatomy, University of Maryland Medical School, Baltimore 


It has been observed that the Harderian 
glands of very young mice, 2 to 4 weeks of 
age, were not red fluorescent(1). It had also 
been shown that the red fluorescence of Hard- 
erian glands of mice of different strains varied 
in intensity. In some respects the Harderian 
glands resemble sebaceous glands in human 
subjects. Both of these glandular structures 
elaborate free porphyrins in the secretory 
product at some stage of development. In 
the adult human subject, the sebaceous glands 
of the skin of the face and forehead are seen 
as tiny red dots when illuminated with near 
ultra-violet light because of the red fluores- 
cence of the sebum(2,3). However, no red 
fluorescent sebum was observed during the 
examination of the facial skin of more than 
200 immature children. Thus, red fluores- 
cent sebaceous secretions appear in the human 
subject at about the time of puberty, persist 
throughout the period of maturity, and usually 
decrease in older people. While the porphyrin 
content and red fluorescence of the Harderian 
glands of mice follow a similar pattern, varia- 
tions in red fluorescence may occur as a result 
of dietary and other factors. It has been 
shown that the Harderian glands and the 
livers of mice contained an abundance of por- 
phyrin-producing enzyme(4). Muscle-bone 
and brain tissues in mice contained some por- 
phyrin-producing enzyme, but were less than 
20% as effective in producing porphyrin (4). 


* This work was supported by grants from the 
Anna Fuller Fund, Am. Cancer Soc., Md. Division, 
and N.1.H., P.HS. 

+'This and the previous paper(4) were presented 
in partial fulfillment of the requirements for the de- 
gree of Doctor of Philosophy. 


In these experiments, an attempt was made 
to ascertain whether there was a variation in 
the porphyrin-producing enzyme content of 
the Harderian glands of mice of different ages 
and in different strains of mice of both sexes. 
It was found that the porphyrin-producing 
enzyme activity did vary with age and strain. 
The observations on the enzyme activity were 
in agreement with the previous observations 
on the fluorescence of Harderian glands(2,3). 

Materials and methods. The Harderian 
glands used in this series of experiments were 
taken from 74 male and 78 female mice of the 
C3H, Cs7, A, and LCSa strains, varying in age 
from 2 to 52 weeks. The animals were killed 
with ether and the Harderian glands dissected 
out in a cold room (6°C). After removal of 
any excess blood, 100 mg of the tissue was 
weighed and placed in a mortar with a small 
amount of coarse grinding sand and 2 cc of 
50:50 buffer-saline solution. After the tissue 
was homogenized, the residue was rinsed from 
the mortar with 3 cc of the buffer-saline solu- 
tion. This was centrifuged at 2500 r.p.m. for 
15 minutes and the supernatant solution was 
used as the enzyme extract. To each of 148 
tubes (37 for each age series of tissues to be 
tested), 1.4 cc of 0.01 M 8-aminolevulinic acid 
hydrochloride buffer-saline solution was added 
to act as the substrate. Various amounts (0- 
0.8 cc) of enzyme extract, from each Harderian 
gland to be tested, were then placed in their 
respective Klett tubes. An amount of buffer- 
saline was added to each tube to bring the 
volume to 3 cc. The Klett tubes were then 
closed with cellophane covered corks. The 
tubes were incubated at 37°C for 24 hours. 
Concentrated HCl (6.5 cc) was then added to 


438 


PORPHYRIN METABOLISM — AGE, STRAIN VARIATION 


TABLE I. Age, Strain, and Sex Variation in Porphyrin Producing Enzymes of Harderian 
Glands of Mice. 


Avg wg of porphyrin produced/10 ce of substrate 
solution by amounts of enzyme extract indicated 


2 » ) Y 
Strain No.mice Age, wk 2 4 8 2 4 8 
C,H 8 2 ail 5.5 6.8 ail 5.7 6.1 
8 3 eff 7.2 8.9 2.0 6.7 10.0 
6 5 5.2 14.0 18.0 5.7 15.0 18.7 
5 8 ike 30.5 51.5 LBs 35.0 55.7 
5 16 15.0 3320 55.4 15.1 33.9 55.1 
5 52 14.4 33.0 52.2 16.5 35.5 54.0 
Total 37 
Cr 8 2 == 4.0 7.0 4 3.1 5.0 
8 3 all 5.7 8.5 9 5.5 7.2 
6 5 4.6 12.0 16.8 5.1 14.2 18.1 
5 8 10.7 27.6 49.8 12.8 28.9 52.4 
5) 16 13.3 SX! 53.1 13.9 33.7 55.0 
5 52 12.8 32.4 515 12.2 30.5 52.8 
Total 37 
A 8 2 — 3.0 4.6 2 3.5 4.2 
8 3 ull 5.0 7.2 9 5.9 8.1 
6 5 4.0 13.5 15.9 5.4 12.8 14.4 
6 8 10.2 28.0 48.5 11.5 aula 49.0 
6 16 11.3 29.4 48.1 14.4 31.8 49.0 
5 52 Hale! 30.0 50.0 12.8 Seal 48.3 
Total 39 
LCSa 8 2 — 2.6 4.4 2 ail 4.6 
8 3 3 4.2 5.2 4 5.1 6.7 
7 5 3.9 10.7 13.3 3.3 9.8 15.0 
6 8 9.4 25.9 44.6 10.1 27.4 45.9 
5 16 8.3 27.4 46.8 9.0 28.7 45.0 
5 52 9.0 28.1 45.9 10.9 ela 47.9 
Total 39 


each Klett tube to give a final concentration 
of 25% HCl, which stopped the enzyme re- 
action and cleared the solution of any protein 
or precipitate. The tubes were then allowed 
to stand overnight in a cold room(6°C). A 
solution of hematoporphyrin hydrochloride in 
25% HCl was prepared as a standard to be 
used in a Klett-Summerson filter photometer 
to determine the amount of porphyrin formed 
by each tissue. 

Results. The variation in amount of por- 
phyrin produced by different Harderian gland 
enzyme preparations is shown in Table I. The 
amount of porphyrin produced by the extracts 
of Harderian glands of mice in the 4 strains 
tested varied consistently with the strain and 
also with the age of mice. The Harderian 
gland extracts of mice of the C3H strain pro- 
duced the greatest amount of porphyrin, while 
the extracts of Harderian glands of mice of 


the other strains (C57, A, and LCSa in this 
order) produced less porphyrin. 

There was a great variation in the porphy- 
rin-producing enzyme activity in the different 
stages of development. The Harderian glands 
of mice of 2 weeks of age had the lowest en- 
zyme activity. The maximum enzyme activi- 
ty was observed in Harderian glands of mice 
approximately 8 weeks of age. After 8 weeks, 
the Harderian glands showed an uniformly 
high enzyme content, but showed little or no 
increase in porphyrin-producing enzyme ac- 
tivity in older animals. The small variation 
in the amounts of porphyrin produced by the 
extracts of Harderian glands of mice of dif- 
ferent sexes was not significant. 

Discussion. One of the most striking ob- 
servations in these experiments was the fact 
that enzymes for producing porphyrin are 
practically absent in the Harderian glands of 
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very young animals. As the animals become 
sex mature (2 to 5 weeks) the porphyrin-pro- 
ducing enzymes appear and increase in con- 
centration in the Harderian gland. From this 
time on, there is a relatively rapid increase in 
porphyrin-producing enzyme activity, which 
reaches a practical maximum at about the age 
of 8 weeks. This is uniform for all of the mice 
of the various strains studied and is the same 
in both males and females. The porphyrin-pro- 
ducing enzyme activity then remains relatively 
constant until the animals are at least a year 
old. It is possible that if animals older than 
one year had been tested, that a decline in the 
porphyrin-producing enzyme would have been 
observed after the active reproductive period. 
While no definite correlation can be made be- 
tween the sex hormones and sex activity and 
the fluctuations in these, the possibility exists 
that the porphyrin metabolism in the Harder- 
ian gland (and sebaceous glands in human 
subjects) may be in some way linked with 
sexual development and sex hormone patterns. 

Summary and conclusions. 1. The porphy- 
rin-producing enzyme activity of the Harderi- 
an glands of mice of different strains, ages, and 
sex was determined. 2. The Harderian gland 
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1-Benzyl-2-methyl-5-hydroxytryptamine (BAS-phenol) 
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of the C3H strain displayed the greatest por- 
phyrin-producing enzyme activity, while the 
Cs;, A, and LCSa strains showed lower activi- 
ty in the order listed. 3. The age of the ani- 
mals was the most important variable. From 
the age of 2 weeks until the age of 8 weeks, 
there appeared to be a steady increase in the 
activity of porphyrin-producing enzyme. After 
this age, porphyrin-producing enzyme activity 
remained uniformly high in all animals up to 
one year of age. 4. The small differences in 
amounts of porphyrin produced by Harderian 
glands of the mice of 2 sexes was not great 
enough to conclude that there is a sex differ- 
ence with respect to porphyrin-producing ca- 
pacity in the Harderian glands of mice of the 
strains tested. 


jh, Loner, 19: TSE Tf, Skuse, 1, (Ca Suites, We, (Cay Lit 
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of Antiserotonin Activity of 


(23502) 


E. SHAW AND D. W. WooLley* 
Rockefeller Institute for Medical Research, N. Y. City 


The recent demonstration(1,2) that a suit- 
ably constructed antimetabolite of serotonin 
may be useful in clinical treatment of essential 
hypertension together with the discovery, 
through the use of other antimetabolites of 
this hormone, that serotonin may play a role 
in the maintenance of normal mental processes 
(3,4,5) have focused attention on the poten- 
tialities of the antiserotonins. We have there- 
fore continued to examine new members of 
this series in the hope of finding more active 
and otherwise more useful compounds. This 
report will describe the synthesis of a new 


* With the technical assistance of E. Van Winkle. 


analog of serotonin, viz. 1-benzyl-2-methyl-5- 
hydroxytryptamine, or  1-benzyl-2-methyl- 
serotonin. A demonstration will also be made 
that it is a very powerful antimetabolite of 
the hormone, and one which shows certain de- 
sirable pharmacological properties. The pre- 
ceding antiserotonin which was said to be ef- 
fective in hypertension was 1-benzyl-2-me- 
thyl-5-methoxytryptamine, called the benzyl 
analog of serotonin, or BAS. The new com- 
pound is the phenol of this methyl ether, or 
BAS-phenol. 


The following considerations prompted syn- 
thesis and study of BAS-phenol. One prob- 
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lem in the clinical use of BAS is that large 
doses bring about a feeling of drowsiness. It 
was thought possible that this was caused by 
penetration of the drug into the central ner- 
vous system. Even though it has been shown 
(in laboratory animals) (6) that BAS pene- 
trates with difficulty into the brain, it was 
postulated that this property of the drug (dif- 
ficulty in entering the brain) might be im- 
proved further by replacement of the me- 
thoxy-group with an hydroxyl. There is much 
empirical evidence to indicate that while me- 
thyl ethers act on the brain, the corresponding 
phenols do so less readily when given peri- 
pherally. In an effort then to avoid the 
drowsiness induced by BAS, BAS-phenol was 
studied. 

The BAS-phenol was synthesized from 
BAS by cleavage of the methyl ether with 
pyridine hydrochloride. This method of 
cleavage of phenolic ethers was the only one 
of the several tried which was satisfactory. 
Thus the more common methods, which use 
aluminum chloride, HBr, or KOH, proved un- 
successful. 

Methods. Synthesis of 1-benzyl-2-methyl- 
5-hydroxytryptamine (BAS-phenol) from 1- 
benzyl-2-methyl-5-methoxytryptamine (BAS). 
1-Benzyl-2-methyl-5-methoxytryptamine hy- 
drochloridet(7) (6.0 g) was dissolved in a 
solution of pyridine (30 ml) in excess ethano- 
lic hydrogen chloride (150 ml of 3M). The 
ethanol was removed under reduced pressure 
and the resultant viscous syrup was warmed 
at 75° and 12 mm pressure for 20 minutes to 
complete the solvent removal. The flask con- 
taining the residue was then provided with an 
air condenser and heated at 200 + 5° for 30 
minutes. The yield decreased with longer 
heating. When cooled, the melt was dissolved 
in water (400 ml) and filtered. 6N Sodium 
hydroxide was added until the pH reached 9 
(indicator paper) when the product, which 
initially separated as an oil, crystallized. 
Seeding was useful in bringing this about. 
Excess alkali caused the product to redissolve. 
The material was filtered, washed with water, 
and dried in vacuo. The yield of base was 


+ We wish to thank Merck and Co. for gifts of 
this compound. 


BAS-PHENOL 


4.4 g, 86%, m.p. 199-201°. Recrystallization 
from aqueous pyridine gave a constant m.p. 
of 201-203° 
Anal. cale’d for 
Ci ElgNsO:: CMe 
Found: On 7 
The hydrochloride of BAS-phenol was ob- 
tained by suspension of the above base in 
boiling absolute alcohol (5 ml per g) and ad- 
dition of ethanolic hydrogen chloride to effect 
solution. When cooled, the hydrochloride 
crystallized in an over-all yield of 76%, m.p. 
244-245°. 
Anal. cale’d for 
Ci3Hs,N.OC1: 
Found: 


C, 68.24; H, 6.68; N, 8.84 
C, 68.50; H, 6.90; N, 8.70 


Testing for antiserotonin activity. The 
ability to prevent the pressor action of sero- 
tonin in dogs was used for testing for anti- 
serotonin activity. Details of these methods 
have been given previously(8,9). The ani- 
mals were calibrated as to their pressor re- 
sponses to serotonin and graded doses of BAS- 
phenol, dissolved in Ringer’s solution, were in- 
jected intravenously each followed by a sero- 
tonin challenge. The smallest dose was thus 
determined which would protect against the 
pressor response to serotonin? administered 15 
minutes after the analog. The various pre- 
cautions described earlier with respect to 
times of injection and methods of measure- 
ment were strictly heeded. 

Antiserotonin potency by the oral route was 
determined as follows. Dogs were calibrated 
for their pressor responses to intravenous 
serotonin as described previously (8,9). They 
were then fed BAS-phenol for 4 days. The 
drug was given once daily, mixed with the 
food. On the fourth day of feeding, just after 
the final dose of drug, the animals were anes- 
thetized again with Nembutal, and again chal- 
lenged with serotonin intravenously. 

Results. Antiserotonin activity of BAS- 
phenol as measured by intravenous injection 
into dogs. By the intravenous route, BAS- 
phenol was very effective in antagonizing the 
pressor action of serotonin. In fact, it was 


+ Serotonin was generously provided by Dr. K. E. 
Hamlin, Abbott Laboratoties. 
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TABLE I. Rises in Arterial Blood Pressure of 
Dog 32 Given Serotonin* Intravenously after In- 
jection of BAS-phenol. 


Interval be- 


tween analog Rise in 
Amt of analog and serotonin pressure 
(mg/kg) (amin. ) (mm of Hg) 
0 — 52 
035 15 52 
.120 15 28 
120 90 48 
350 15 6 


* Challenging dose of serotonin was 0.12 mg of 
5-hydroxytryptamine creatinine sulfate/kg body 
wt. BAS-phenol was 1-benzyl-2-methyl5-hydroxy- 
tryptamine hydrochloride. 


the most active compound encountered thus 
far among all the serotonin analogs examined 
in this laboratory. Data from a typical ex- 
periment are shown in Table I, where it can 
be seen that protection against 0.12 mg of 
serotonin per kg was afforded by 0.35 mg of 
BAS-phenol per kg. Similar results were 
found in 4 other dogs. 

Comparison of BAS-phenol with BAS in 
this intravenous test showed that the phenol 
was considerably more active. Thus, 3.0 mg 
of BAS per kg of body weight was required 
by the intravenous route (avg of 3 dogs) 
whereas 0.3 mg of BAS-phenol was needed 
for similar protection (avg of 5 dogs). Fur- 
thermore, the phenol exerted its maximal ef- 
fect within 15 minutes (results from 4 dogs). 
For these reasons (high potency and rapid 
action) BAS-phenol recommended itself over 
previous compounds where an intravenously 
administered antiserotonin was desired. 

Protection of dogs by the oral route against 
the pressor action of serotonin. The data of 
Table II show that doses of serotonin which 
had elicited good rises in arterial pressure in 
the unprotected animals, failed to do so after 
the ingestion of BAS-phenol. In the 6 experi- 
ments summarized there, this phenol at about 
1 mg per kg per day protected all of the dogs, 
but at one-tenth of this dose there was no pro- 
tection. By the oral route, therefore, BAS- 
phenol was approximately equal in potency to 
BAS. Previous trials(9) done under identical 
conditions (some of them on the same dogs as 
used for the BAS-phenol) had shown that 
BAS gave protection at 1 mg per kg per day 
by the oral route. Clearly then BAS-phenol 
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was approximately 10 times more active than 
BAS by the intravenous route, but approxi- 
mately equal to it in potency by the oral 
route. These comparisons of course apply 
only to the pressor test with serotonin and 
may not necessarily be valid for other test 
systems. 


Serotonin-like action of BAS-phenol. When 
anesthetized dogs were injected intravenously 
with solutions of BAS-phenol, a sharp rise in 
arterial pressure was always observed (6 of 6 
dogs). This was in contrast to the failure to 
find such rises with BAS when tested under 
identical conditions(9). The rise in arterial 
pressure was rapid and short-lived and in 
these respects resembled the response to sero- 
tonin. The pressures always returned to the 
original values within one to 2 minutes. 
Quantitative comparisons (in these 6 dogs) of 
graded doses of serotonin with graded doses 
of BAS-phenol showed that serotonin-creati- 
nine sulfate was about 10 times more active 
than BAS-phenol (as the hydrochloride). 
However, one dog was found in which BAS- 
phenol was 3 times as active as serotonin. 

The rise in pressure elicited by BAS-phenol 
was probably serotonin-like because it could 
be prevented by prior treatment of the animal 
with BAS. BAS is known to protect against 
serotonin but to be unable to do so against 
adrenaline or even against tryptamine(10). 
The BAS-protected dog is thus a very specific 
test object for serotonin-activity. A dog 
which, unprotected, had given a rise in arterial 
pressure of 26 mm of Hg following intravenous 
injection of BAS-phenol (0.6 mg per kg) was 
fed BAS (3 mg per kg per day) for 3 days. 


TABLE II. Rises in Arterial Pressure of Various 
Dogs Given Serotonin Intravenously before and 
after Ingestion of BAS-phenol. 


-——Serotonin response*——, 
Before analog After analog 


Oral dose 
of analog 


(mg/kg/day) (mm of Hg) (mm of Hg) 
2 30 6 
1.4 36 i 
Ihe 52 8 
1.2 23 8 
14 36 41 
sila 52 40 


* Challenging dose of serotonin was 0.06-0.12 mg 
of 5-hydroxytryptamine creatinine sulfate/kg body 
wt. 
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When challenged again with BAS-phenol 
(same dose) the rise in pressure was insig- 
nificant (8 mm of Hg). Tryptamine (1.1 
mg/kg), however, elicited a full response (80 
mm of Hg). This experiment was repeated in 
another dog with similar results. 

Specificity. In the intravenous test with 
dogs as described above BAS-phenol was a 
remarkably specific antagonist of serotonin. 
It did not antagonize the action of adrenaline, 
noradrenaline, or even of tryptamine. Data 
illustrating these points are being published 
elsewhere(10). 

Toxicity of BAS-phenol. Acute and chronic 
toxicities for adult mice (10 for each dose 
level) given BAS-phenol intraperitoneally 
were determined by the methods previously 
described for other members of this series(9, 
11). All animals were killed by a single in- 
jection of 80 mg/kg and all survived a single 
injection of 40 mg/kg. A daily dose of 40 
mg/kg for one week killed 2 of 10. Twenty 
mg/kg per day for one month was well toler- 
ated. No animals died and none lost weight 
or showed changes which could be detected by 
visual inspection of the organs on autopsy. 

Summary. A method was described for 
synthesis of 1-benzyl-2-methyl-5-hydroxytryp- 
tamine involving cleavage of the methyl ether 
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of 1-benzyl - 2-methyl - 5-methoxytryptamine 
(BAS) by heating with pyridine hydrochlor- 
ide. The phenol so produced exhibited power- 
ful antiserotonin action either orally or intra- 
venously in dogs. In the intravenous test it 
was the most potent antiserotonin thus far en- 
countered. It also had considerable serotonin- 
like activity. 
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Effect of a Brain Extract on Turnover Rate of Serum Cholesterol.*+ (23503) 


RICHARD J. JONES, O. K. Reiss,# EUGENE L. BALTER AND Louis CoHEN 
Department of Medicine, University of Chicago, Chicago, IIl. 


At high levels of serum cholesterol a definite 
reduction will usually be achieved in human 
subjects with the feeding of an alcoholic ex- 
tract of defatted brain(1). This closely simu- 
lates the effect of oral beta-sitosterol (2). How- 
ever, when low normal levels of serum choles- 
terol already exist, a significant reduction of 


* This work was supported by grants from Amer. 
Heart Assn., Eli Lilly Foundation and the U.S.P.HS. 

t This work was presented in part at 28th Annual 
Meeting of Amer. Heart Assn. Oct. 1955. 

+ Post-doctoral Research Fellow of Amer. Heart 
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the total serum cholesterol may not be 
achieved with similar dosage. Thus the ques- 
tion arises whether any effect on cholesterol 
metabolism occurs in such cases, and further 
whether any effect exists in the absence of 
dietary cholesterol which had been used in 
our earlier chicken experiments(3). The fol- 
lowing experiments were performed in an ef- 
fort to elucidate the effect of this material 
upon the endogenous cholesterol metabolism 
in the experimental animal. 

Methods. Chick experiment. An 8-week- 
old cockerel, on a diet of 100 g per day of 
Starter mash, received an intravenous injec- 
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tion of 51 mg of 1-C1 sodium acetate contain- 
ing 1 mc/meq. Blood samples were drawn at 
least twice weekly in the same postprandial 
state for 8 weeks. From the 21st day to the 
34th day 10% of the mash was supplanted 
by the cerebroside extract) previously de- 
scribed(1). At each bleeding at least 6 ml of 
blood was drawn and oxalated, the plasma was 
removed and duplicate 1.5 ml aliquots were 
precipitated and refluxed for 20 minutes in 
30 ml of 3:1 alcohol:ether. The filtrate and 
washings were pooled, evaporated and the 
residue saponified under nitrogen in 10% alco- 
holic KOH. The unsaponifiable matter was 
then extracted 3 times with petroleum ether, 
the extract evaporated under Ne» and trans- 
ferred to a small centrifuge tube with a few 
ml of ether. The ether was then allowed to 
evaporate under No, and the residue dissolved 
in 0.5 ml of absolute ethanol. The superna- 
tant was then treated with digitonin by a 
modification of the method of Hellman e¢ al. 
(4). The digitonide was then transferred as 
an ether slurry to preweighed planchets 3.47 
cm in area and allowed to dry for several hours 
at room temperature and for 15 minutes at 
110°C. After determining the constant weight 
of the digitonide, the samples were counted 
in a windowless gas flow counter, the counts 
per minute being corrected to infinite thickness 
of the digitonide from an experimentally de- 
termined curve. 

Dog experiment. A 16 kg mongrel dog was 
injected intravenously with 42 mg of 1-C¥ 
sodium acetate containing 1 mc/meq and, 14 
days later, 0.8 mc of NasHP**O, was injected 
intravenously. The constant daily diet of 207 
g Purina Lab. chow plus 228 g of a commercial 
dog food was fed throughout, except that 40 
g per day were replaced by the brain extract 
from the 20th to the 29th day of the experi- 
ment. Oxalated blood samples were obtained 
at 2- to 5-day intervals and the plasma ob- 
tained by centrifugation. Duplicate 5 ml 
samples were precipitated in 100 ml of a 1:1 
alcohol:acetone solution which was brought 
to the boiling point on a water bath and fil- 
tered. The filtrate was taken ito dryness and 


§ We are grateful to Dr. David Klein of Wilson 
Laboratories who supplied the brain extract em- 
ployed. 
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the residue extracted 4 times with small vol- 
umes of boiling petreleum ether. This extract 
was again taken to dryness, saponified, and 
the digitonide precipitate obtained and again 
washed as described by Hellman, Rosenfeld 
and Gallagher (4), except that it proved neces- 
sary to wash the digitonide twice with ethanol 
at O°C to avoid contamination of the digiton- 
ide by P**. In addition, duplicate samples of 
1.5 ml of plasma were precipitated in 10 ml 
of trichloracetic acid for determination of the 
radioactive phosphorus incorporated in the 
phospholipid. The supernatant was discarded 
and the precipitate washed 3 times with 5% 
trichloracetic acid before being extracted 4 
times with 3 ml of boiling ethanol after the 
method of Schneider(5). The phospholipid 
was then isolated by the technic of Kennedy 
(6). After the final washing, 4 ml of the re- 
sulting 2:1 ethanol:CCl, extract was placed 
in a centrifuge tube and taken to dryness. The 
residue was then digested in an aluminum 
block with 0.4 ml of 1ON HsSO, until charred, 
and treated with H»Os until clear. This was 
then brought to a 5.5 or 10 ml volume, and an 
aliquot of 0.5 ml plated on a planchet for 
immediate counting while wet. A 5 ml aliquot 
was then used for determination of phosphorus 
by the method of Gomori(7). The planchets 
were counted in the gas flow counter and the 
counts per minute per microgram of phos- 
phorus determined. Samples of feces were 
collected on the 11th and 23rd day. These 
were homogenized in a Waring blendor with 
an equal volume of hot acetone, centrifuged 
and the supernatant collected. The residue 
was further extracted with hot acetone 3 times, 
and then taken to dryness at room tempera- 
ture, ground in a mortar and pestle and placed 
in a desiccator until constant weight was ob- 
tained. This weight is referred to as the “dry 
weight” of the feces, though it is recognized 
that in addition to being dry it is relatively 
free of easily soluble lipid. An aliquot of the 
acetone extract was then saponified in 10% 
alcoholic KOH for 20 minutes and the un- 
saponifiable matter extracted with 3 washings 
of 150 ml petroleum ether. An appropriate 
aliquot of the petroleum ether extract was 
then dried down in a preweighed centrifuge 
cone, redissolved in absolute alcohol and pre- 
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FIG. 1. Biological decay of C™-cholesterol digitonide 

derived from serum of a chick which received a 

single intravenous injection of C**-acetate at zero 

time. Dotted lines indicate the approximate slope of 

this decay curve immediately before and during 

period of administration of cerebroside fraction 
(from day 21 to 34). 


cipitated quantitatively by digitonin by the 
method of Schoenheimer and Dam(8). The 
resulting precipitate was washed thrice with 
cold ethanol, once with ether:dioxane(1:1) 
and twice with ether, and the amount of sterol 
estimated from the digitonide which was 
dried for 30 minutes at 110°C and brought to 
constant weight in a desiccator. The total 
unsaponifiable matter was obtained gravi- 
metrically by weighing the residue from an 
appropriate aliquot of the ether extract taken 
to dryness in a tared flask. The total unsap- 
onifiable matter and digitonin precipitable 
sterol in the feces were then expressed as per- 
cent of dry weight of the fecal residue. 
Results. In Fig. I the specific activity of 
the cholesterol digitonide precipitated from the 
serum lipids is plotted logarithmically against 
time. It can be seen that the rapid phase of 
the biological decay of labeled cholesterol is 
largely finished by the fifth day. After this 
the decay curve approaches a straight line 
asymptote, the slope of which is proportional 
to the turnover rate of the plasma cholesterol, 
provided the total plasma cholesterol level is 
constant(9). From previous experience we 
know that the cholesterol level of the plasma 
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is but slightly influenced by the administra- 
tion of brain extract when the bird is receiv- 
ing a plain mash diet without oil or cholester- 
ol supplement(10). 

During the period of administration of the 
cerebroside fraction, there is a sharp increase 
in slope, the mean negative slope during this 
period being virtually twice that of the im- 
mediate pre-treatment period and 3 to 4 times 
that of the post-treatment period. The post- 
treatment slope cannot be said to differ from 
that anticipated had the more rapid decay 
period not intervened. 

Fig. 2 illustrates that the same change in 
rate of turnover of serum cholesterol is in- 
duced in the dog during the 9 day period of 
administration of the extract. Serum choles- 
terol levels were obtained before and during 
administration of this cerebroside fraction by 
the Abell-Kendall technic(11) and the values 
during the control period ranged from 89-100 
mg%, during the treatment period from 84- 
108 mg%. It was concluded that there was 
no significant change in the total serum choles- 
terol. As in the chicken, the turnover rate of 
the serum cholesterol did increase during the 
treatment period. 

In Fig. 3 the decay curve for the P*” labeled 
phospolipid is presented. The points approxi- 
mate a straight line, though a slight increase 
in turnover rate of lipid phosphorus may be 
perceptible after the 4th day. There was no 
alteration in slope of the magnitude seen with 
the C™ cholesterol. Again, there was no sig- 
nificant trend in the serum lipid phosphorus 
concentration, which varied between 6 and 7.1 
mg%. 

Fecal sterols were measured per unit dry 
weight of feces on 2 occasions, which may be 
considered representative of control and treat- 
ment periods. The results presented in Fig. 
2 indicate that the total unsaponifiable matter 
per gram of weight (24 mg) was increased 
under ‘treatment (35 mg) as was the weight 
of digitonin precipitable sterols per gram of 
dry weight of feces (6.4 mg to 14.0 mg). 
Thus, per unit of dry weight, the fecal sterols 
were increased by more than 2-fold. The 
specific activity of the digitonide on these 2 
days was 27 and 44 counts per minute (cor- 
rected to infinite thickness). Thus, during 
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FIG. 2. Biological decay of C**-cholesterol digitonide 
derived from serum of a dog which received a single 
intravenous injection of C”-acetate at zero time. 
Total height of the bar represents milligrams of un- 
saponifiable matter per gram of dry weight of the 
feces; shaded portion represents milligrams of digi- 
tonin-precipitable sterol per gram of dry weight of 
feces on the days indicated. Cerebroside fraction 
was administered from day 20 to 29. 


the feeding of the brain extract the specific 
activity of fecal sterols was 60% higher even 
though the specific activity of the serum chol- 
esterol was, in fact, 30% lower than during 
the earlier period. 

Discussion. These studies in the chick and 
the dog indicate that administration of this 
brain extract, rich in cerebrosides, will increase 
rate of turnover of the serum cholesterol, even 
in situations where no great change in total 
serum cholesterol obtains. There is ample 
evidence that an elevated total serum choles- 
terol will be reduced by this material(1,3), 
though no great change in serum cholesterol 
was expected in these experiments. Had a 
slight decrease occurred here, changes in the 
total specific activity of the serum cholesterol 
(S.A. X mg%) would have been even more 
dramatic. The turnover rate of phospholipid 
is but slightly influenced by the administra- 
tion of the extract, there being no change com- 
parable to that of the serum cholesterol. 
However, since the serum phospholipids in- 
clude lecithin sphingomyelin and cephalins, an 
increased turnover of a minor component, such 
as sphingomyelin or a cephalin, cannot be ex- 
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cluded. With this reservation, we may con- 
clude that the primary effect on the serum 
lipids is exerted upon the cholesterol rather 
than the phospholipids. 


The nature of the brain extract effect seems 
to be an increase in turnover rate of the serum 
cholesterol. In the face of a constant serum 
level of cholesterol this implies an increased 
rate of removal from the serum of cholesterol 
higher in specific activity than that replacing 
it. Furthermore, this extract promotes an 
increased excretion of fecal sterols. Even 
more striking is the increase in their specific 
activity in the face of a falling specific activity 
of the serum cholesterol, whence it must be 
derived. These data strongly suggest a de- 
flection of cholesterol from its entero-hepatic 
cycle. Similar observations on quantitative 
changes in fecal sterols have been made by 
Carroll et al.(12) who fed rats cerebrosidic 
fatty acids. 


The mode of action of this extract is not 
yet entirely clear. A large percentage of the 
material remains in the intestinal tract to be 
excreted in the feces, thus increasing the 
bulk of the feces. The sterol seems to be 
intimately bound with this cerebroside residue, 
for it can be completely separated only with 
great difficulty. On the other hand, x-ray 
diffraction studies performed by the Physico- 
chemical Research Division of the Lilly Re- 
search Laboratories, through Dr. R. E. Ship- 
ley, to whom we are deeply indebted for this 
kindness, have indicated that no mixed crys- 
tals can be distinguished when cholesterol and 
phrenosin are crystallized together in the same 
system productive of mixed cholesterol-beta- 
sitosterol crystals(13). It would appear that 
this cerebrosidic material somehow binds the 
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FIG. 3. Biological decay curve of P® phospholipids 

after a single intravenous injection of NazHP*O. on 

14th day of the experiment in Fig. 2, designated as 
day zero on the abscissa here. 
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intraintestinal cholesterol or otherwise inhibits 
its reabsorption into the portal system. This 
leads to an increase in the turnover rate of 
serum cholesterol and, if it is elevated, a re- 
duction in its level. 

Summary. In radioisotope studies in the 
chick and the dog, the turnover rate of the 
serum cholesterol, as measured by the biologi- 
cal decay of endogenously labeled C™ choles- 
terol, was substantially increased by the feed- 
ing of a cerebroside-rich extract of mammalian 
brain. Much less influence was found on the 
turnover rate of P** labeled phospholipids. 
Some evidence is presented to suggest that the 
increased turnover rate of serum cholesterol 
is produced by an increased fecal excretion of 
endogenous cholesterol. 


The authors are indebted to Mrs. Irene Carr for 
technical assistance and to Dr. George LeRoy for 
reviewing the manuscript. 
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Effect of Gluco- and Mineralocorticoid Adrenal Steroids on Fluid and 


Electrolytes of Fasted Adrenalectomized Dogs.* 


(23504) 


W. W. SwIncLe, L. J. BRANNICK, MELVILLE OSBORN AND DAvip GLENISTER 
Biological Laboratory, Princeton University, Princeton, N. J. 


Certain hormones of the adrenal cortex ap- 
parently are concerned with regulating the 
distribution of water and electrolytes between 
body compartments(1-11). Workers in this 
laboratory employing the potent steroid 2- 
methyl-9a-fluorohydrocortisone, which has 
both gluco- and mineralocorticoid activity 
demonstrated that adrenalectomized dogs 
verging on prostration from insufficiency 
could be restored to health and vigor within 
48-60 hours despite withholding of food and 
water. Thus, dogs exhibiting severe symp- 
toms evidently possess stores of water and 


* Acknowledgement is made to The National 
Science Foundation, The Upjohn Co., Merck, Sharp 
& Dohme and Ciba Pharmaceutical Products, Inc., 
for financial support. 1-dehydrohydrocortisone was 
supplied by the Schering Corp. 


salt in their cells and tissues adequate to effect 
apparent restoration of extracellular fluid and 
electrolyte to normal without necessitating ad- 
ditional supplies from exogenous sources(10- 
11). If cortical hormones are lacking such 
animals are unable to mobilize and freely 
shift these vital substances and death results. 
However, when the appropriate type of corti- 
coid is administered i.v. to these critically ill 
dogs, large volumes of water, Na, Cl and K 
are withdrawn from unidentified stores and 
shifted to the extracellular and intravascular 
compartment. As a result, serum Na and Cl 
are elevated to normal, the inspissated blood 
becomes diluted and the marked accumula- 
tions of blood urea nitrogen and serum K 
decline to control values. These fluid and 
electrolyte transfers are accompanied by a 
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profuse diuresis with extensive renal elimina- 
tion of Na, Cl, K and water. Symptoms dis- 


on 5 23 < ae 2 appear and activity and vigor return. 
£ The interpretation offered for these and 
ey ei io eae other similar data was reiteration of a sug- 
355 eee | s == | S gestion originally made over 20 years ago(1- 
5 a Pe 3), viz., that when adrenal cortical hormones 
5 ei Net ee 2 are lacking, water and certain electrolytes are 
Dee reals ex |g © immobilized in cells and tissues hence are no 
Bars a ear longer capable of being freely shifted from 
2 ey intra- to extracellular and intravascular spaces 
cae 9m ee no matter how great the need for such redis- 
rate ee Sas ae tribution. Thus adrenal corticoids are not 
ete emis only necessary for preventing undue wastage 
S y S of salt and water in the urine of animals de- 
2 HID BADE 5 veloping insufficiency owing to a functional | 
Aa SCAGK cH |'F renal defect (first pointed out by Loeb eé al. | 
nS = (12), and confirmed by Harrop et al.(13), 
x : Harrison and Darrow(14) and others), but 
a Fee ee ee zs perhaps of even greater importance for the 
Eee oa ree well-being of the organism, are necessary for _ 
pie S } maintenance of the normal dynamic equili- — 
g a 3 cove sx¥ae|e brium and free exchange of water and electro- 
5 s/c das woes 8 lytes between the fluid compartments of the 
8 |e e body. 
= 8 o> The present experiments were designed to 
3 S28 3 AILSS BOYS = f compare the efficacy of relatively specific 
: a : | EASES Aci ie gluco- vs. mineralocorticoids for restoring 
4 - a2 health and vigor to. adrenalectomized dogs 
_wo| 2 we presenting serious insufficiency symptoms 
a Reese seze EE while held without access to food and water 
3 Bop during the restoration period. Two steroids 
; ae were chosen for this purpose: 1-dehydro- 
= amon nrax| & = hydrocortisone (1-dehydro F or prednisolone, 
ee SaaS Hess 5 fs Schering), and desoxycorticosterone ( DOG 
3 Ie Ciba). The former compound possesses strong 
. e iy a 2 glucocorticoid activity but is weak in Na-re- 
g : ae = q aA ag taining properties; in fact it is regarded by 
AS) S38 ass ES some as natriuretic (15-18). Long term 
ig adrenalectomized dogs require at least 20 mg/ 
ot, ee day to maintain a normal serum electrolyte 
Es Anaa Aad o 2 pattern(19). DOC, although devoid of glu- 
: ae cocorticoid activity except when given in rela- 
= et ae tively enormous doses, Js a potent mineralo- 
_ SAS MRA |e corticoid which readily induces serum Na and 
a ah Cl retention but stimulates renal excretion of 
z 5 $ 3 Methods. Nine dogs were used; they had 
< Ye © ue been adrenalectomized for periods ranging 


from 1-5 years and all had been previously 
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TABLE II. Effect of 1-dehydrohydrocortisone and Desoxycorticosterone on Serum and Urine 
Electrolytes of Fasted Adrenalectomized Dogs Recovering from Adrenal Insufficiency. 
Total urine electrolyte 
Serum electrolyte changes excretion during fast 
Fasting during fast (mEq/l) (mEq) Urine vol 
- period, Total C . EEC COMCIIG 
Dog No hr dose, mg Na Cl IK Na Cl K period, ce 
1-dehydrohydrocortisone 
]-27 72 45 +105 + 89 -4.50 45.09 56.33 52.10 880 
3-27 48 30 +18.5 +15.0 -4.45 58.65 16.26 43.01 985 
2-52 72 45 + 8.5 — 3.8 -— .92 107.60 96.00 99.80 1385 
2-49 72 45 + 8.0 + 4.1 -2.66 77.83 75.40 103.10 1250 
2-54 72 75 +85 +12 -3.16 27.71 34.19 98.90 1035 
4-30 48 4 = 3.0) —1110) —101 83.75 92.14 37.22 518 
2-50 72 30 +12.0 -+16.9  -2.05 22.10 18.63 39.63 984 
Desoxycorticosterone 
5-47 48 500 + 7.0 + 85 -1.41 ARGH 3.77 23.89 305 
6-44 48 500 +20.5 SS De Ol 3.29 6.21 38.02 574 


-+ = Increase in serum electrolytes. 


studied through several bouts of adrenal in- 
sufficiency and restoration to normal health 
by adrenal steroid therapy. When not in use 
for experiments they were maintained by 
daily im. injections of 0.5 mg of DCA plus 
daily NaCl supplements (2 g) in the food. 
DCA and salt were withdrawn when an ex- 
periment started and normal or control values 
for the various blood constituents established. 
These are recorded in Table I under the head- 
ings Day Bled and Initial Blood Sample. The 
dogs were then permitted to develop severe 
insufficiency. The interval required for signs 
of adrenal failure to appear varied from 4 to 
11 days as indicated in the table under Day 
Bled. Immediately following withdrawal of 
the blood sample the blood pressure was de- 
termined, the bladder emptied and an i.v. in- 
jection of either l-dehydro F or DOC admin- 
istered. The quantity of steroid used per dog/ 
day is listed in Table I under dosage and was 
not the same for all dogs. The animals were 
placed in metabolism cages and deprived of 
food for 48-72 hours. Injections were repeated 
at 12-hour intervals during the fasting period 
and total dose varied from 2-25 mg/day. The 
free alcohol of l-dehydro F and DOC was used 
and the daily amount given in divided doses 
morning and evening. The material was pre- 
pared fresh each day and solubilized in a ve- 
hicle consisting of 25% absolute ethanol, 25% 
propylene glycol and 50% water. The prepa- 
ration of this vehicle is important if the ster- 
oids are to remain in solution. Not more 


— = Decrease in serum electrolytes. 


than 125 mg of the DOC were given i.v. at a 
time; the full 250 mg morning and afternoon 
doses were each administered as 2 injections 
about 30 minutes apart. The total amount of 
fluid injected during the fasting period was 
balanced by withdrawal of a similar volume of 
blood for study. Upon completion of the fast 
and remission of symptoms the arterial pres- 
sure, body weight and blood constituents were 
again determined and the experiment termin- 
ated. The quantity of urine, Na, Cl and K 
eliminated each 24 hours was measured; the 
data are recorded in Table II. 

Results. A. Effect of l-dehydrohydrocor- 
tisone (l-dehydro F) on the Internal Distribu- 
tion of Water and Electrolytes. Data obtained 
from 7 animals are given in Tables I and II. 
At time of injection the dogs exhibited severe 
symptoms of adrenal insufficiency e.g., loss of 
weight, low arterial pressure, hemoconcentra- 
tion, elevated serum K, low serum Na and Cl. 
They were weak, spastic and had refused food 
for 16-24 hours. Two (1-27 and 3-27) had 
experienced severe cardiac episodes probably 
due to hyperpotassemia. Within a few hours 
after hormone administration the blood pres- 
sure began to rise and generally within 24 
hours the animals displayed normal activity 
and vigor. Hemodilution as revealed by de- 
creases in hemoglobin, hematocrit and eryth- 
rocyte counts was evident. The effect of the 
steroid on the blood urea nitrogen was vari- 
able and much less impressive. It was re- 
duced from the high level characteristic of 
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adrenal insufficiency to control values only in 
2 dogs (3-27 and 4-30). In dog 1-27 it de- 
clined from 78 to 22.4 mg% within 36 hours 
but increased again during the last 13 hours 
of the fast. The remaining animals failed to 
show a return of this metabolite to control 
levels. In a previous study using 2-methyl- 
9a-fluorohydrocortisone the writers demon- 
strated rapid lowering of blood urea nitrogen 
in fasted adrenal insufficient dogs. Dog No. 
4-30 which received a much smaller dose (4 
mg over 48 hours), was unable to elevate 
blood pressure or serum Na and Cl (Tables I 
and II). However, this small amount of 1- 
dehydro F was sufficient in this case to lower 
blood urea nitrogen and induce renal excre- 
tion of large quantities of Na, Cl and K plus 
518 cc of urine. Blood sugar increased mod- 
erately during the fast; the highest level 
reached was 124 mg% which represents an in- 
crease of 36 mg% over the initial value. Since 
this steroid is a potent glucocorticoid the rise 
in blood sugar is not surprising. The serum 
Na increased to normal in all dogs except the 
one receiving the lowest dosage. This increase 
ranged from 8 to 18.5 mEq/l. Serum Cl did 
not invariably follow the Na in response to 
therapy since the serum concentrations rose 
sharply in 3 dogs (Nos. 1-27, 3-27 and 2-50), 
but fell in 2 others (Nos. 4-30 and 2-52). The 
2 remaining dogs presented rises in serum Cl 
of 4.1 and 1.2 mEq/l. Serum K declined in 
all of the treated animals; the maximum de- 
crease was 4.5 and the minimum was 0.92 m 
Eq/1.(Table IT). 


Large quantities of water, Na, Cl and K 
were excreted by the kidneys of these fasted 
dogs. Table II records the total amounts eli- 
minated together with the increases of serum 
Na and Cl during recovery despite continued 
loss of these electrolytes in the urine and the 
hemodilution taking place. These data indi- 
cate a profound regulatory action of the glu- 
cocorticoid upon electrolyte and water shifts 
between the fluid compartments of the body. 
The quantities of these vital substances thus 
redistributed are such that it seems reasonable 
to assume they were chiefly derived from in- 
tracellular sources and can be shifted to extra- 
cellular and intravascular spaces only when 
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sufficient amounts of the appropriate type of 
adrenal cortical hormone are present. There 
was some indication that dogs which exhibited 
the smallest increases in serum Na and Cl 
during revival from insufficiency tended to ex- 
crete the largest quantities of these electro- 
lytes in the urine (Table II, dogs 2-52, 4-30 
and 2-49). 

B. Effect of Desoxycorticosterone (DOC). 
Results of 2 tests in which this steroid was 
used for reviving fasted dogs from adrenal in- 
sufficiency were not impressive despite the 
massive (500 mg) dosage employed, when 
compared with those obtained with much 
smaller doses of ]-dehydro F. It is known, of 
course, that DOC is effective in restoring 
adrenal insufficient animals which take in 
food and water. High dosage was deemed 
necessary to insure the animal’s ability to sur- 
vive the prolonged fast and lack of salt. DOC 
in the dosage used raised the serum Na and 
Cl; one dog showed an increase of 20.5 and 
the other 7 mEq/I of Na within 48 hours. 
This increased serum Na concentration ap- 
peared to be due in part to renal excretion of 
water and retention of Na. Serum Cl was 
also elevated but serum K declined (Table I). 
However reestablishment of the normal serum 
electrolyte picture had no significant effect on 
either arterial pressure which remained low 
or blood urea nitrogen which remained high. 
Hemoconcentration persisted but some dilu- 
tion did occur. Adrenal insufficiency symp- 
toms were much improved in one dog (6-44), 
but were present in the other animal at the 
end of the fasting period. Moderate increases 
in blood sugar were apparent in both dogs and 
may possibly have been due to conversion of 
excess DOC to a glucocorticoid type steroid. 

Discussion. DOC was much more effective 
than the glucocorticoid in stimulating renal 
retention of Na and Cl; however, both in- 
duced loss of K and a diuresis which in the 
case of DOC consisted of practically Na and 
Cl-free water. The important differences in 
activity between these steroid types as em- 
ployed in these experiments are as follows: 


DOC—500 mg/day 


1. Marked renal 
tion Na and Cl. 


1-dehydro F—15 mg/day 


reten- 1. Profuse renal exere- 


tion Na and Cl. 


. Persistence of 


. Persistent 


. Increase in serum Na 


presumed due in part 
to exer’n ‘‘salt-free’’ 
water. 

low 
blood pressure. 


hemoecon- 
centration. 


. Activity and vigor less 


than normal in one 
dog, definite insuffici- 
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2. Iner.in serum electro- 


lytes presumed due to 
internal redistribution. 


3. Rise in blood pressure 


to control or near con- 
trol values. 


. Hemodilution present. 


5. Return of activity and 


vigor in all dogs with- 
in 24 hr. 


ency symptoms present 
in the other. 


Thus the recovery response of the fasted 
adrenal insufficient dogs was distinctly in fa- 
vor of the glucocorticoid. The animals re- 
ceiving l-dehydro F, no matter how serious 
their condition when injected, exhibited dra- 
matic recovery. 


Data in Table III represent the net urinary 
excretion of Na, Cl and K by adrenalecto- 
mized dogs developing insufficiency (data 
taken from the classical metabolic study of 
Loeb et al.(12)), compared with the total renal 
elimination of these electrolytes by 3 repre- 
sentative cases of dogs recovering from insuf- 
ficiency while receiving l-dehydro F. Loeb’s 
animals were offered the usual daily ration 
and allowed water ad libitum during the 6-7 
days following adrenal removal and during 
the interval insufficiency symptoms were de- 
veloping. The dogs in our experiments, al- 
though deprived of exogenous sources of fluid 
and electrolyte, excreted quantities of Na, Cl 
and K during recovery which compare favor- 
ably with total quantities lost in the urine by 
the dogs of Loeb e¢ al. over a 6-7 day period 
during which time they were eating normally 
for the first 4-5 days. It seems reasonable to 
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assume that fluid and electrolyte changes in- 
duced in these fasted glucocorticoid-treated 
dogs during revival from insufficiency are too 
great to be accounted for other than by an 
outflux of Na, Cl, K and water from cells, 
including probably, bone and collagenous tis- 
sue. 


As an alternative explanation it might be 
assumed since water was withheld during re- 
covery on steroid treatment that the copious 
amount of water excreted during this period 
was in sufficient excess of Na to adequately 
account for elevation of the latter in the 
plasma. Thus the increase in plasma Na 
could be explained by a renal mechanism 
without evoking internal redistribution of the 
cation. However, in an extensive series of ex- 
periments (unpublished) the writers have ob- 
served that adrenalectomized dogs, not in in- 
sufficiency but deprived of food and water for 
48 hours, when injected i.v. with 2-methyl 
FF, exhibit a rise of plasma electrolytes de- 
spite a sharp increase in plasma volume, de- 
creased hemoglobin, hematocrit, RBC and a 
severe diuresis with continued loss of water 
and electrolyte. 


Another point of interest is the apparent 
correlation between ability of l-dehydro F 
(also 2-methyl FF(10-11)) to restore blood 
pressure and to induce internal redistribution 
of fluid and electrolyte. Our data offer no 
suggestion as to which of these events was pri- 
mary and which secondary; the fact remains, 
nevertheless, that DOC was unable to elevate 
arterial pressure in the fasting animal despite 
relative enormous dosage and marked Na re- 
tention, whereas the glucocorticoids do so in 


TABLE III. Total Renal Excretion of Electrolytes of Dogs Developing Adrenal Insufficiency 
over 6-7 Days Compared with That of Animals Fasted 48-72 Hours during Recovery on Gluco- 
corticoid Therapy. 


nn 
ee ee e_—00—OSDa9aD9aanMa\>s 


Adrenalectomized dogs. No treatment* 


Fed 4-5 dayst 


Adrenalectomized dogs. Fasted 48-72 hr 
Glucocorticoid therapy 


mq/1 Dog 1 (7) Dog 2 (6) Dog 3 (6) Dog 2-52 Dog 1-27 Dog 2-49 
Na —64.80 —111.23 —102.54 —107.60 —45.09 — 77.83 
Cl —68.60 — 63.21 — 56.81 — 96.00 —56.33 — 75.40 
K —4().28 — 9.80 — 93.38 — 99.80 —52.10 —103.10 


* Data taken from metabolic study of adrenal insufficiency by Loeb et al.(12). No. in par- 
entheses indicate No. of days between gland removal and sacrifice of the animals, 
+ Dogs 1 and 3 ate usual ration for 4 days; dog 2 ate for 5 days according to Loeb et al. 


—— mEq output over intake of Na, Cl and K. 
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the face of continued sodium loss. Previous 
studies(20-21), demonstrated that adrenalec- 
tomized dogs can be maintained symptom- 
free for weeks with serum Na and Cl levels 
either as low or lower than occur in severe in- 
sufficiency. The low serum electrolyte ani- 
mals remain active and vigorous and exhibit 
normal blood pressure so long as glucocorti- 
coids are administered in adequate amounts. 
These experiments imply that a possible di- 
rect effect of the steroids on the vascular sys- 
tem may be of paramount importance. 

Summary. 1) |-dehydrohydrocortisone in- 
duced rapid revival of fasted adrenalecto- 
mized dogs from severe insufficiency. Disap- 
pearance of symptoms and return of activity 
and vigor was accompanied by restoration of 
normal values of arterial pressure and serum 
electrolytes. Hemodilution was evident and 
a profuse diuresis occurred with marked renal 
loss of Na, Cl, K and fluid. Desoxycorticos- 
terone, in doses of 500 mg/day was much less 
effective in restoring activity but sharply in- 
creased serum Na and Cl, an increase which 
in part seemed due to excretion of relatively 
“salt free” water. There was renal retention 
of Na and Cl, persistent hemoconcentration 
and failure of the blood pressure to rise above 
the low level characteristic of adrenal insuf- 
ficiency. 2) The fluid and electrolyte changes 
of the glucocorticoid-treated dogs are pre- 
sumed to be due to an outflux of Na, Cl, K 
and water from cells including probably bone 
and collagenous tissue. Although an appar- 
ent correlation exists between the ability of 
l-dehydrohydrocortisone to shift fluid and 
electrolytes and to restore arterial pressure, 
some of the data suggest that a possible direct 
effect of this type of steroid on the peripheral 
vasculature may be of primary importance in 
revival from insufficiency. 
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Modification of Infectious Bovine Rhinotracheitis (IBR)_ Virus in Tissue 


Culture and Development of a Vaccine. 
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(Introduced by Carl A. Bunde) 


Research Division, Pitman-Moore Co., Indianapolis, Ind. 


A virus isolated in bovine kidney tissue cul- 
ture, and identified as the cause of IBR, has 
been described(1,2). Since the initial appear- 
ance of this disease in Colorado in 1950(3), 
it has been observed in almost every western 
state, and as far east as Ohio. All reports 
indicate that this condition is of major eco- 
nomic importance to the livestock industry 
(3-5). The propagation of the etiological 
agent in tissue culture made development of a 
vaccine feasible. This paper shows that rapid 
passages of IBR virus in bovine kidney tissue 
culture and subsequent selection by termi- 
nal dilutions have resulted in a virus so modi- 
fied that it could be injected without produc- 
tion of disease, but with formation of anti- 
bodies. 

Material and methods. Virus. One strain of 
IBR virus, Colorado I, was employed for the 
modification studies. This strain was isolated 
in bovine embryo kidney tissue culture roller 
tubes from respiratory tissues of 2 cows in the 
acute phase of IBR. Tissue Culture Pro- 
cedures. Bovine embryo kidney tissue culture 
in roller tubes was prepared from trypsinized 
kidney cortex 8-9-months-old fetuses. The 
nutrient medium consisted of 0.5% _ lactal- 
bumin hydrolysate, 5-10% horse serum, and 
Earle’s basic salt solution containing 200 units 
of penicillin and 200 yg of streptomycin/ml. 
A more detailed description of preparation of 
these cultures has been given(2). To obtain 
larger quantities of virus, 5 g of bovine embry- 
onic kidney cortex were minced to 1-2 mm 
size, suspended in 500 ml of the above-men- 
tioned medium in Povitsky bottles, and shak- 
en for 3-4 days at 35°C. These bottles were 
usually inoculated with 1 ml of infected tissue 
culture fluid containing not less than 4 logs 
of virus, shaken for an additional 4 days, and 
the fluids harvested. Regular passages df the 
virus were made by harvesting the infected 
tissue culture fluid and transferring 0.2 ml 
amounts to new cultures only after a complete 


cytopathogenic effect (CPE) occurred on the 
cells. Rapid passages consisted of transfers 
of infected tissue culture fluid to new cultures 
in 0.2 ml amounts per tube at 24-48 hour 
intervals, when approximately 25-50% of the 
cells exhibited a cytological change. To se- 
lect the virus particles which were present in 
the majority at a given passage level, terminal 
dilutions were performed. ‘Ten-fold dilutions 
of the infected tissue culture fluids were pre- 
pared in tissue culture medium without horse 
serum, and at least 3 kidney tissue culture 
tubes were inoculated with each dilution. The 
fluid from the culture inoculated with the high- 
est dilution which still produced a CPE was 
harvested, 10-fold dilutions again prepared, 
and these dilutions inoculated into new tissue 
cultures. Neutralization Test. Equal amounts 
of serum or serum dilutions were mixed with 
equal amounts of virus in a final concentration 
of 100 to 1,000 TCIDs» (50% tissue culture 
infectious dose). This mixture was incubated 
for 2 hours at 37°C, 0.2 ml inoculated into 
each of 3-6 kidney tissue culture tubes, and 
observed for several days. The serum neu- 
tralization effect was recorded when approxi- 
mately 100 TCID;o of virus was observed in 
the virus control titration carried out simul- 
taneously. Cattle. Cattle 4 months of age 
or older, regardless of breed or sex, were used 
for the laboratory part of this work. They 
were generally held in isolation for at least 2 
weeks prior to inoculation, and daily tempera- 
ture records as well as other observations were 
made to insure that the animals were normal 
before use. The susceptibility of the cattle to 
IBR was determined by absence of neutraliz- 
ing antibodies in their serum. In tests for 
immunity, cattle were challenged intranasally 
with 1-2 ml of virulent (low passage tissue 
culture fluid) virus. The virus was sprayed 
into the nostrils with a syringe and needle par- 
tially pinched off at the end to give a spraying 
effect. Daily temperatures were recorded and 
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observations made for other signs of illness 
such as anorexia, depression, increased respir- 
ation, nasal discharge, hyperemia of the nasal 
mucosa, and the presence of serofibrinous exu- 
date covering the surfaces of the nasal mucosa. 
While a moderate fever of slight duration 
alone might be suggestive of a reaction to chal- 
lenge, no response was considered definite until 
one or more of the other signs of illness in 
addition to fever were also observed. 

Results. 1. Modification of Virus. In ex- 
periments to modify the virulence of the IBR 
virus, a series of rapid passages was initiated. 
To obtain a large number of virus particles, 
the 7th regular passage of the agent was se- 
lected as starting material. After 21 consec- 
utive rapid passages, 3 terminal dilutions were 
made with a portion of this 21st passage ma- 
terial. A larger amount of virus was then 
prepared by inoculating several tissue culture 
tubes with the 3rd terminal dilution virus and 
harvesting the tissue culture fluid after a com- 
plete CPE occurred. This virus is henceforth 
referred to as RP 21. Using a portion of the 
unpurified 21st rapid passage material, 19 ad- 
ditional rapid passages were made. This ma- 
terial was also passed through 3. terminal 
dilutions. Again, a pool of virus was prepared 
by inoculating tissue culture tubes with the 
3rd terminal dilution virus (RP 40). 

Inasmuch as a practical vaccine for cattle, 
employing a modified virus, would have to be 
administered parenterally, the intramuscular 
route was selected as a preliminary means of 
determining any reduction in virulence which 
might have occurred at any particular point 
during tissue culture passages. It had been 
noted that when a susceptible calf was inocu- 
lated intramuscularly with 10°? TCIDs 9 in 
1 ml of the first regular passage of the original 
infectious material in tissue culture (T.C. #1), 
the animal responded after an incubation 
period of 2-3 days with a fever up to 104.8°F, 
increased respiration, anorexia, and depression. 
A similar response, with fever of 105.8°F, 
anorexia, and increased respiration, was ob- 
served when a calf was inoculated with 5 ml of 
the 15th regular passage in bovine kidney tis- 
sue culture titering 10°*/ml. Accordingly, a 
susceptible calf was inoculated with 1 ml of 
tissue culture fluid containing 10° TCIDs 9 of 


MoprFICATION oF IBR Virus IN A VACCINE 


RP 21. Another calf was inoculated with 1) 
ml of tissue culture fluid containing 10°) 
TCID;» of RP 40. Temperature response and | 
other observations were made daily for 3 
weeks, following which each animal was chal- | 
lenged intranasally with virulent virus. Serum 
samples were obtained at the time of inocula-_ 
tion, and again prior to challenge, Following | 
inoculation with RP 21, a febrile response oc- 
curred within 24 hours, reaching 106°F on the | 
3rd day. No other signs of illness, such as | 
anorexia or increased respiration, could be | 
observed. 


The calf inoculated with RP 40. 
developed no fever or other signs of illness. — 
No antibodies could be demonstrated in the 
pre-inoculation serum samples of these ani- 
mals, although in each instance neutralizing 
antibody titer from 1:9 to 1:38 occurred when 
2-3 week serum samples were tested. None 
of the animals showed any signs of illness 
when challenged intranasally with virulent 
IBR virus. 

2. Tests in Cattle. To determine whether 
results similar to those above with RP 40 
could be reproduced, several larger batches of 
virus were prepared either in trypsinized or 
minced bovine kidney tissue cultures using 
RP 40 as seed virus. (a) Young Experimental 
Cattle. One or more calves weighing from 
350-500 lb were inoculated intramuscularly 
with each lot of virus prepared, using a total 
of 18 animals. Serum samples were taken at 
the time of inoculation, and again 3-4 weeks 
later. When the 2nd sample was taken, the 
animals were challenged intranasally with a 
virulent virus capable of producing typical 
IBR in 1 or more susceptible control animals 
inoculated simultaneously. None of the ani- 
mals showed signs of IBR, all developed neu- 
tralizing antibodies, and resisted a challenge 
with virulent virus (Table I). (b) Titration 
of Tissue Culture Virus in Cattle. All cattle 
used in the above experiments were inoculated 
with 4 or more logs of virus, but provided 
no indication of the minimum TCID;o of 
virus necessary to immunize an animal. To 
use this modified virus as a vaccine, it was 
necessary to determine the minimum amount 
of virus required to immunize an animal. Ten- 
fold dilutions of RP 40 virus were prepared 
in tissue culture media, and for each dilution 
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TABLE I. Response of Cattle Inoculated Intramuscularly with Modified IBR Virus (RP 40). 


ce a ae ee EN 
ee — eee Oo 


No. of TCLD., inoe. Febrile Other signs Antibody response Challenge 
cattle (logs) response of illness Pre Post response 
2 4 -§ Oe eae 07-2 0/ 2 2/24 0/ 2 
10 5.1-6 1/10t 0/10 0/10 10/10 0/10 

6 6.127 2/ 6t 0/ 6 0/ 6 6/ 6 0/ 3§ 
* Numerator = No. of animals responding; denominator = No. of animals used. 


+ Antibody titer range from 1:3 to 1:19. 


§ Only 3 of the 6 inoculated cattle were challenged. 


1 calf was inoculated intramuscularly. The 
exact amount of virus in the | ml inoculum for 
each animal was determined by a simultaneous 
titration in tissue culture. It was found that 
an animal inoculated with 10%? TCIDs;, of 
virus developed a definite antibody response 
and resisted challenge. However, 10°° 
TCIDs5» of virus produced a very low antibody 
response which did not prevent entirely a re- 
action to challenge with virulent virus. Be- 
cause of questionable immunity developed in 
this animal, it was estimated that 10° 
TCID5» of virus represented a minimum im- 
munizing amount. Therefore, in all subsequent 
experiments, animals were inoculated with at 
least 10 times the minimum immunizing 
amount. (c) Beef Cattle. Since laboratory 
tests with the modified virus were conducted 
with cattle younger than those in which the 
disease ordinarily occurs, and since they were 
held in isolation rooms not subject to marked 
climatic changes, the modified virus was tested 
in heavy beef-type animals under simulated 
field conditions. To facilitate the use of the 
modified virus in the field, 2 lots of RP 40 
virus were prepared and lyophilized in glass 
vials. This lyophilized vaccine proved to be 
quite stable, and when held at refrigerator 
temperature (4°C) for 8 months, no loss in 
titer could be demonstrated. With the co- 
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FIG. 1. Composite graph of temperature response of 

30 cattle vaccinated with RP 40 virus (V), com- 

pared with temperature curves of 21 uninoculated 

contact controls (C) and 14 uninoculated area 
controls (A). 


{ A fever above 104°F lasting for only 1 day. 
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FIG. 2. Composite graph of temperature response 

of 30 vaccinated cattle (V), 21 contact controls (C), 

and 14 area controls (A) following challenge with 
virulent IBR virus 


operation of Dr. John W. Kendrick e¢ al. of 
the University of California School of Vet 
Med at Davis(6), and Dr. Rue Jensen e¢ al., 
School of Vet Med, Colorado State University, 
a total of 30 animals was used for vaccination. 
Each animal was inoculated intramuscularly 
with 2 ml of vaccine containing at least 50,000 
TCIDs of virus restored from the lyophilized 
state with distilled water. As controls, a total 
of 21 animals was held in contact with the 
vaccinated cattle, and 14 additional control 
animals were held in the same general area, 
but not in direct contact with them. All 
animals were observed daily and tempera- 
tures recorded. After 3 weeks, all the animals 
were challenged intranasally with virulent vi- 
rus. Serum samples taken from all cattle before 
vaccination had no demonstrable neutralizing 
antibodies against IBR. The average daily 
temperatures for each group of cattle (Fig. 1) 
show that febrile response in the vaccinated 
group differed little from that of the controls. 
No signs of illness could be observed. In con- 
trast, however, following challenge with viru- 
lent virus, the 2 control groups had a marked 
rise in fever although the vaccinates remained 
normal (Fig. 2). No signs of illness were ob- 
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TABLE II. Comparison between RP 40 Virus and Low Passage Virulent Virus Inoculated In- 
tranasally into Cattle. 


Results —————————_,, 


TCLD. of 
virus ino¢. Antibody 
Inoculum Calf No. Xx 1000 Clinical titer Challenge 
Modified virus (RP 40) 157 200 Normal 0 ¥F,N,H,L,D* 
158 200 2 0 N,H,L 
159 200 zs 1:3 Normal 
160 200 a Aled FS 
Virulent virus (T.C. #2) 152 320 F,H,L,N L223 
153 320 F,R,D,A,H,L,N,W 1:38 
150 3.2 F,R,D,A,H,L,N,W Autopsied 
155 32 F,R,D,A,H,L,N,W 1:23 
151 .032 Normal 0 F,N,H,L,R 


* F, fever; R, increased respiration; D, depression; A, anorexia; 


H, nasalhyperemia; L, 


serofibrinous exudate; N, nasal discharge; W, loss of wt. 


served in the vaccinates, except a mild fever 
in 1 animal, while 33 of the 35 controls de- 
veloped other signs of IBR in addition to fever, 
and 2 died. (d) Dairy Cattle. Since one of 
the characteristic signs of illness following in- 
fection with IBR virus is abrupt cessation of 
milk production in the dairy animal(4,7), it 
was desirable to learn whether this modified 
virus would produce such an effect. For 5 
days prior to inoculation, morning and eve- 
ning temperatures and milk production were 
recorded for each of 5 Holstein cows. Three 
animals, selected at random, were inoculated 
intramuscularly with 2 ml of vaccine contain- 
ing 2 million TCIDs» of virus. The 2 remain- 
ing animals were inoculated with a tissue cul- 
ture placebo to serve as contact controls. 
Serum samples were taken from each animal 
prior to inoculation, and again 3 weeks later. 
For 2 weeks following inoculation, milk pro- 
duction and temperatures were again recorded. 
No change in milk production, or any other 
signs of illness, was noted in these animals. 
The virus-inoculated cattle developed anti- 
bodies, while controls remained negative. 

3. Comparison between Modified Virus and 
Virulent Virus by Intranasal Inoculation of 
Cattle. Previous work(2,5) indicated that 
only by intranasal’ inoculation could all the 
signs of illness observed in the field be repro- 
duced in experimental cattle. Therefore, this 
route was employed to obtain additional evi- 
dence of modification. Four — susceptible 
animals were each inoculated intranasally with 
2 ml of infected tissue culture fluid containing 
200,000 TCID;» of RP 40 virus, as determined 
by a simultaneous titration in tissue culture. 


At the same time, 10-fold serial dilutions of 
low tissue culture passage (T.C. #2) virulent 
virus of the same strain were prepared. One 
or more susceptible animals were inoculated 
intranasally with 2 ml of this material for each 
dilution. A simultaneous titration in tissue 
culture was performed. Serum samples were 
taken from the animals at time of inoculation, 
and again 3 weeks later. At the end of the 
3-week period of observation, those animals 
showing no response to the first inoculation 
were challenged intranasally with virulent 
virus. The results of this test (Table II) 
show that as much as 200,000 TCID;» of 
modified virus produced no signs of illness, 
but only 2 of the 4 animals developed demon- 
strable antibodies and resisted challenge. 
However, as little as 320 TCIDs» of virulent 
virus produced definite disease and antibodies. 
When 2 additional calves were inoculated 
intranasally with 10° and 10%8 TCIDso of 
modified virus, respectively, mild hyperemia 
and a small amount of serofibrinous exudate, 
accompanied by a febrile response to 104.6°F 
for 1 day, were noted. 

4. Non-transmissibility of Virus Inoculated 
Intramuscularly. In the work described above, 
control animals in direct contact with cattle 
inoculated intramuscularly with modified virus 
did not develop antibodies, and were suscep- 
tible when challenged. In addition, a calf 
held in contact with an animal inoculated in 
the same manner with virulent virus also re- 
mained susceptible. Since the virus apparent- 
ly did not spread, deliberate attempts were 
made to determine whether virus could be re- 
covered from animals inoculated by this route. 
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Blood and nasal washings were collected at 
daily intervals for 4-10 days from 5 cattle in- 
oculated with modified virus. Specimens were 
also collected for as long as 27 days from 1 
animal inoculated with virulent (T.C. #1) 
virus. The blood was defibrinated and inocu- 
lated in 0.5 ml amounts into each of several 
bovine kidney tissue culture tubes. After 3-5 
days’ incubation, the fluid was removed and 
new media placed in the tubes. Nasal wash- 
ings were obtained by flushing the nostrils 
several times with tissue culture media, using 
approximately 20 mi of fluid. The washings 
were centrifuged at 5,000 rpm for 20 min- 
utes, and the supernatant inoculated in 0.2 
amounts into each of several tissue culture 
tubes. If yeast or mold contamination oc- 
curred in the tubes, the fluid was removed, 
filtered, and re-inoculated into additional tis- 
sue culture tubes. The inoculated tubes of 
blood and nasal washings were observed for 
10 days, and if no changes in the cells occurred, 
they were either discarded or blind passages 
made. No IBR virus could be recovered from 
the animals tested. 

Discussion. In attempts to develop a modi- 
fied live virus vaccine for IBR, rapid passages 
were initiated to select virus variants with a 
high multiplication rate in bovine kidney tis- 
sue culture, assuming that such virus particles 
might also have a different disease-producing 
potential, and therefore conceivably possess 
less virulence. When ‘the variant particles ex- 
ceed the number of original particles, it is 
possible to segregate them by methods such 
as the terminal dilution technic. 

In the data presented, it was shown that 
after 40 rapid passages, followed by 3 terminal 
dilutions, a strain of virus was recovered which 
was avirulent. Even in tests with a rather 
large group of animals inoculated intramuscu- 
larly with this strain, no response occurred 
except for a transient rise in temperature in 
some instances. This lack of response might 
have been due partly to the unnatural route of 
inoculation, since even when virulent virus 
was inoculated intramuscularly a febrile re- 
sponse, increased respiration, anorexia and 
depression occurred, but other signs of IBR 
such as nasal discharge, hyperemia, and sero- 
fibrinous exudate on the nasal mucosa were 
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absent. Following intranasal inoculation with 
as little as 320 TCI Dp of virulent virus, how- 
ever, all of these signs of disease could be pro- 
duced. Definite evidence that RP 40 virus 
has been greatly modified is shown by the fact 
that, in contrast to virulent virus, when 625 
times more RP 40 virus was sprayed into the 
nasal passages, not only were no signs of ill- 
ness produced, but half of the animals failed 
to develop antibodies, indicating that this 
modified virus had lost much of its infectivity. 
It is possible that when large amounts of RP 
40 virus are administered intranasally, a local 
reaction may occur without the development 
of generalized illness. 


The possibility of reversion to virulence by 
natural back-passages always arises in con- 
nection with a modified live virus vaccine. 
However, it has been demonstrated that this 
virus did not spread from the vaccinated cattle 
to susceptible contacts, and could not be reiso- 
lated from nasal washings and blood of vac- 
cinated animals, which makes this possibility 
very unlikely. 


The inability to recover virus from intra- 
muscularly inoculated cattle, and the fact that 
it requires relatively large amounts of modi- 
fied virus to immunize an animal raises the 
question as to whether it multiplies or acts as 
pre-formed antigen. However, regardless of 
the mode of action, when 5,000 or more 
TCID; 9 of RP 40 virus is inoculated intra- 
muscularly, an immune response against IBR 
regularly occurs. | 


Summary. 1. A modified JBR virus was 
produced by rapid passages and terminal dilu- 
tions in bovine embryo kidney tissue culture. 
Its avirulence was demonstrated by intramus- 
cular and intranasal inoculation of susceptible 
cattle. 2. Modified virus inoculated intra- 
muscularly elicits an immune response which 
protects cattle against challenge with virulent 
virus. 3. The virus did not spread from intra- 
muscularly-inoculated cattle to susceptible 
contacts, and could not be reisolated from 
blood or nasal washings of vaccinated cattle. 
4. This modified virus prepared in tissue cul- 
ture can be successfully lyophilized, thus al- 
lowing its use as a vaccine for prevention of 
IBR disease. 
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Inability to convert phenylalanine to tyro- 
sine, a reaction catalyzed by the enzyme sys- 
tem phenylalanine hydroxylase, is known to 
occur as an hereditary metabolic abnormality. 
Jervis(1) and Udenfriend and Bessman(2) 
have reported that individuals with phenyl- 
pyruvic oligophrenia almost completely lack 
the ability to oxidize phenylalanine, while Jer- 
vis(3) has shown that postmortem specimens 
of livers of two patients with this disease were 
inactive in in vitro assays for phenylalanine 
hydroxylase. Recently, detailed biochemical 
observations on liver biopsy(4) and autopsy 
(5) material have confirmed and extended his 
findings. 

Since other enzymes whose deficiencies in 
postnatal life are associated with disorders of 
incomplete metabolism are known to be essen- 
tially inactive in fetal life(6)—glucose-6-phos- 
phatase(7) and the enzymes of tyrosine oxi- 
dation (8)—it seemed worthwhile to determine 
if the enzyme system, phenylalanine hydroxy- 
lase, demonstrates a similar developmental 
pattern. 

Methods. Fetal, newborn, and adult rats 
of the Long-Evans strain were used. Fetal 
animals were studied as close as possible to 
predicted term. They and newborn rats were 
killed by decapitation; adult rats by a blow to 
the head. Livers were removed in the cold 


* This work was supported in part by grants from 
Natl. Inst. of Arthritis and Meabolic Diseases, INSETS 
Assn. for Aid of Crippled Children; and Damon 
Runyon Memorial Fund. 


room (temperature 2 to 4°C) and immedi- 
ately placed on cracked ice. Fetal as well as 
newborn livers were pooled to obtain adequate 
samples. The livers were homogenized in the 
cold with a Teflon homogenizer in 2 volumes 
of ice-cold 0.15 M KCl. Homogenates were 
spun in a Spinco Model L centrifuge for 30 
min. at 100,000 x gravity. The soluble frac- 
tions were assayed directly or after 3 hours of 
dialysis against 0.15 M KCl in 0.01 M phos- 
phate buffer at pH 7.0. Freezing at —15°C 
for several days resulted in no loss of activity. 
The soluble fractions of livers (1.0 ml) were 
shaken at 35°C in air in a reaction mixture 
containing 2 »M of L-phenylalanine, 150 ».M 
of phosphate buffer, pH 7.0, 5 »M of nico- 
tinamide, and 2 »M of reduced diphosphopy- 
ridine nucleotide; final volumes were 1.75 ml. 
The reaction was stopped after 20 to 60 min- 
utes incubation by addition of 1.75 ml of 10% 
trichloroacetic acid. Following centrifuga- 
tion, formed tyrosine was measured colori- 
metrically(9) on suitable aliquots of the de- 
proteinized solution. Control values obtained 
with reaction mixtures incubated without phe- 
nylalanine were subtracted in each case. 
Preparations of known activity were concur- 
rently assayed to ensure satisfactory experi- 
mental conditions. Nitrogen was determined 
on aliquots of the liver soluble fractions by 
the Ma-Zuazaga modification of the micro- 
Kjeldahl method(10). 


Results. Phenylalanine hydroxylase activ- 
ity in dialyzed soluble fractions of livers of 
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FIG. 1. Phenylalanine hydroxylase activity of rat 


liver in relation to age. Dialyzed soluble fractions 
of liver were assayed as described in the text. Height 
of bars represents the mean; lines drawn through 
points represent range of experimental values ob- 
tained. Figures in parentheses denote number of 
experiments performed. Values greater than 0.4 uM 
tyrosine/mg N correspond to complete conversion of 
the 2 uM of phenylalanine added to the reaction 
mixtures. 


fetal, newborn, and adult rats are summarized 
graphically in Fig. 1. 

Fetal rats. Experiments with dialyzed sol- 
uble fractions of fetal liver indicated that con- 
version of phenylalanine to tyrosine was ab- 
sent or negligible at this stage of development. 
Samples were incubated for one hour; under 
these conditions 8% or less of the added phe- 
nylalanine was hydroxylated. 

Newborn rats. Enzyme activity of dialyzed 
preparations of livers of rats less than 24 
hours old was within the range of fetal prepa- 
rations; not more than 8% of added pheny!l- 
alanine was converted to tyrosine. These es- 
sentially inactive soluble fractions could not 
be stimulated by addition of larger amounts 
(up to 6.0 »M) of pyridine nucleotides in 
either oxidized or reduced form. In the dia- 
lyzed soluble fractions of livers of rats 4 to 
12 days old, complete conversion of the added 
phenylalanine to tyrosine was observed in one 
of the assays. The other 4 converted 35 to 
55% of the phenylalanine. 

Adult rats. Phenylalanine hydroxylase ac- 
tivity of dialyzed soluble fractions of livers 


459 


TABLE I. Effect of Dialysis on Activity of Phen- 
ylalanine Hydroxylase in Liver Soluble Fractions 


of Rats.* 
uM tyrosine/ml sol. frac. 
After 
Before dialysis % activ- 
Age dialysis for 3 hr ity lost 
Adult 1.84 1.34 27 
4 23 1.24 48 
2.02 1.6 aly? 
i 2.11 1.23 42 
Fetus 0 0 
i“ 15 05 67 
Newborn (23 hr) 85 16 81 
eg (4 days) 2.18 1.14 48 


*Tneubation time for liver soluble fractions of 
adult rats—20 min.; of fetal and newborn rats— 
60 min. 


obtained from adult animals of both sexes, 
following periods of incubation of 20 to 60 
minutes, showed a conversion capacity of SO 
to 90% of added phenylalanine in 20 minutes. 
Within one hour conversion was complete in 
8 of 10 observations. In the remaining 2, 
conversion was 80% and 95% complete. 

Effect of Dialysis. Recent studies by Kauf- 
man(11,12) on the mechanism of this reaction 
in liver extracts have indicated the presence of 
a hitherto unrecognized cofactor. Since this 
cofactor is presumably dialyzable, the influ- 
ence of dialysis on the activity of the soluble 
fraction was studied (Table I). The activity 
of adult liver preparations was decreased 17 
to 48% after 3 hours of dialysis. Soluble 
fractions of livers of fetal and newborn rats 
were also tested before and after dialysis. 
Loss of activity in these preparations was Con- 
siderably more marked, ranging from 48 to 
81%. Nevertheless, the activity of undia- 
lyzed preparations of fetal livers never ex- 
ceeded a conversion of 8%, and in one experi- 
ment, no activity was found prior to or fol- 
lowing dialysis. Thus the low activity of 
fetal and newborn liver preparations is not 
due primarily to inactivation by dialysis, but 
the more marked lability of these preparations 
does suggest that they contain less of a 
dialyzable component (or a component more 
readily inactivated during dialysis) than those 
of adult animals. 

Discussion. The results indicate that phe- 
nylalanine hydroxylase activity is absent or 
negligible in the livers of fetal rats near term 
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and in newborn rats less than 24 hours old. 
Within a few days following birth the enzyme 
system approaches the level of activity ob- 
served in adult animals. 

It has recently been established that con- 
version of phenylalanine to tyrosine in liver 
extracts requires participation of 2 discrete 
enzymes(13), as well as reduced pyridine nu- 
cleotide(14) and the unidentified cofactor 
mentioned previously. One of the compon- 
ents of the enzyme system can be found in 
tissues which do not hydroxylate phenylala- 
nine, while the second enzyme, which is spe- 
cific, has been found only in liver. This sec- 
ond specific enzyme is now known to be the 
component which is lacking in the livers of 
individuals with phenylketonuria(4,5).  Re- 
cent experiments in this laboratory have 
shownt that the non-specific components of 
the overall reaction are present in fetal liver, 
and that inactivity of these preparations can 
also be traced to a deficiency in the specific 
enzymic component of liver. The study of 
phenylalanine hydroxylase provides a striking 
example of a situation wherein enzymic de- 
ficiency encountered in an hereditary meta- 
bolic disease, phenylpyruvic oligophrenia, oc- 
curs as the normal pattern in the fetal mam- 
mal. Further studies of this enzyme in the 
fetal animal may contribute information on 
the pathogenesis of the enzymic defect of phe- 
nylpyruvic oligophrenia. 

Summary. Development of phenylalanine 
hydroxylase in livers of fetal, newborn, 
and adult rats has been studied. The 
results indicate that the enzyme system de- 
velops shortly after birth. Activity of the 
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enzyme is negligible in livers of fetal rats 
near term and rats less than 24 hours old; it 
approaches the adult level in livers of animals 
only a few days old. The virtually inactive 
preparations obtained from livers of fetal and 
newborn animals could not be activated by 
adding increasing amounts of pyridine nucleo- 
tide to the reaction mixtures in either oxidized 
or reduced form. The activity of soluble frac- 
tions of adult liver was partially lost during 
short dialysis; the initially low activity of 
preparations of livers from fetal and newborn 
animals was particularly sensitive to this pro- 
cedure. 
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At least 2 human rabies deaths are believed 
to have resulted from exposure to bats in this 
country. The first was reported by Sulkin 
and Greve(1) and concerns a woman who 
died in October, 1951. The second, a mem- 
ber of the Entomology Section of the Texas 
State Department of Health, occurred in Jan- 
uary, 1956(2). These cases, together with 
isolation of the rabies virus from a number 
of species of bats in widely scattered areas of 
the United States has resulted in a reappraisal 
of the public health significance of these ani- 
mals(3,4). The initial isolation in 1953 of the 
rabies virus from bats in Florida(5) and the 
almost simultaneous isolation of the virus 
from other bat species by other investigators 
(6,7) stimulated teams of mammalogists and 
virologists to investigate the ecology of rabies 
in different geographic areas. The accumu- 
lating literature indicates that most of the 
studies thus far conducted have been con- 
cerned with determining which bat species are 
naturally infected. Only a limited number of 
studies have dealt with the progress of the dis- 
ease in experimentally infected bats(8-11). 

Recent studies by Shwartzman(12,13) 
demonstrating lipotropism in cortisone-treated 
hamsters infected with poliovirus together 
with previous studies concerned with the ef- 
fects of environmental temperature and hor- 
monal factors on experimental virus infections 
(14,15) suggested an approach to the study of 
the role of the bat in the biological life cycle 
of the rabies virus. Aronson and Shwartzman 
(16) demonstrated reproducible histologic 
lesions and high infective virus titers in brown 
(embryonal) fat in cortisone-treated hamsters 
infected with poliovirus, indicating marked 
lipotropism in this infection. These observa- 
tions have been confirmed in part by Bodian 
(17) who showed high concentrations of virus 
in brown fat in chimpanzees after the viremic 
phase of the infection, and suggested that the 


* Supported by grant from Caruth Fn., Dallas, 
Texas. 


brown fat might be regarded as a “target or- 
gan” or secondary site of poliovirus multipli- 
cation. Invasion of brown fat has also been 
observed in suckling mice infected with cer- 
tain strains of Coxsackie virus(18,19,20) but 
no other examples of lipotropism in viral 
infection have come to our attention. The 
known effects of environmental temperature 
and hormonal factors on experimental viral 
infections(14,15) together with the observed 
sensitivity of brown fat to these and other 
stress mechanisms(21) suggest that this tis- 
sue might in some way be involved in the per- 
sistence of the rabies virus in symptomless 
carriers. Furthermore, the susceptibility of 
this tissue to certain virus infections is so 
great that it seems to persist when most other 
organs and tissues have become refractory 
(18). 

The purpose of the present study has been 
to examine the pathogenetic sequence in ex- 
perimentally infected insectivorous bats with 
the view to learning something of the possible 
mechanism by which these animals may serve 
as persisting reservoirs for the virus in nature. 
An effort has been made to study the patho- 
genesis of rabies in this host with the view to 
finding anatomical sites of viral multiplica- 
tion. The results to be reported suggest that 
the brown (hibernating) fat provides a depot 
for storage of the virus. Furthermore, these 
studies provide another example of viral lipo- 
tropism. 

Methods. Because of the tremendous pop- 
ulations of Mexican free-tailed bats (T. bra- 
ziliensis mexicana) in the southwestern part 
of the U.S. and since a large proportion of the 
rabies virus isolations were made from this 
species, this bat was used in these studies.t 

t We should like to acknowledge free access to 
the Blowout Cave (Blanco County, Texas) granted 
by Mr. Gould Davis, rancher and owner, without 
whose cooperation this study could not have been 
completed. We also wish to acknowledge the assis- 
tance of Mr. William Hanszen, rancher, who helped 
in netting bats. 


462 


Technics for the safe laboratory care and suc- 
cessful maintenance of infected experimental 
populations for long periods of time have been 
described elsewhere(22). The rabies street 
virus used in the present study, and desig- 
nated the Thompson strain, was isolated in al- 
bino Swiss mice (CFW) from a human brain 
and had been through two intracerebral pas- 
sages in white mice. The LD; titer of the 
stock virus suspension for 3-week-old white 
Swiss mice inoculated intracerebrally was 
10*%. Bats were inoculated intramuscularly 
into the heavy muscle over the breast. The 
inoculum consisted of approximately 8000 
mouse intracerebral LD;, contained in 0.1 ml. 
The Mexican free-tailed bats (Tadarida b. 
mexicana) were netted on the day the experi- 
ment was initiated and were chilled to facili- 
tate handling during inoculations and dis- 
tribution into cages. The inoculated animals 
were maintained at 29°C + 2 (relative hu- 
midity 65%) and were fed daily during the 
observation period of 3 months. All bats 
were observed daily for symptoms of rabies. 
Those which died during the first week were 
discarded. The selective affinity of various 
tissues of the bat for rabies virus was shown 
by viral assay in 3 to 4-week-old white Swiss 
mice (CFW). Tissues were preserved in a 
mechanical refrigerator at —40°C until ready 
to be tested. For qualitative assay of brain, 
salivary gland, and interscapular brown fat 
3-5 mice were inoculated intracerebrally with 
each specimen (10% brain, 2% _ salivary 
gland, and 2-5% brown fat) and observed for 
a 30-day period before being discarded as 
negative. In the quantitative assays serial 10- 
fold dilutions of the respective tissues were 
inoculated intracerebrally into groups of 5 
mice each and the LD-, titer was established 
in each instance by the method of Reed and 
Muench(23). Since Negri bodies are not al- 
ways demonstrable in tissues of bats proven 
to contain virus by mouse inoculation(8,11) 
histologic examination of the various tissues 
was not made routinely. 


Results. Of the 163 Mexican free-tailed 
bats inoculated intramuscularly with rabies 
virus, 26 died during the first 7 days after the 
virus inoculation and have been excluded from 
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TABLE I. Demonstration of Rabies Virus in In- 

terscapular Brown Fat and Other Tissues of Bats 

(Tadarida b. mexicana) Inoculated Intramuseu- 
larly and Maintained at 29°C. 


Rabies virus demonstrated in 
Duration 


of infection* Brain Salivary gland Brown fat 
22 + (2.43) tf + (2.33) + (1.66) 
22 + (2.75) =e ie 
22 + (3.5 ) + (2.75) + (3.0 ) 
22 (25 9 = Sagas.) 
25 + (3.0 ) -- + (1.5 ) 
26 ue = ale 
32 — — + (2.5 ) 
32 — + 
42 a5 + (2.75) + 
75 = = = (le) 9) 
75 =— ++ (1.5 ) 


* Indicates day after intramuse. inoc. (0.1 ml) 
bat found dead or sacrificed. Virus inoculum + 
8000 mouse i.¢. LD-. 

+ Figure in parentheses indicates neg. log LD5p 
i.e. titer for mice. 


the analysis.+ Qualitative assays for virus 
showed evidence of rabies infection during 
the observation period of 3 months in 32 or 
23.3% of the remaining 137 bats. Virus was 
detectable in the brain in 28 (20.5%) salivary 
glands in 10 (7.5%), and in the interscapular 
brown fat in 11 (8.0%). Table I summarizes 
the data on 11 bats in which the brown (hiber- 
nating) fat contained detectable or significant 
amounts of rabies virus. It appears from these 
data that the virus is most widely distributed 
in this host between the 20th and 30th days 
following intramuscular inoculation. In addi- 
tion there seems to be more active viral pro- 
liferation during this period of the infection. 
In 4 instances rabies virus was detectable in 
the brown fat and not in the brain or salivary 
gland. These animals, however, were sacri- 
ficed between the 32nd and 75th days after 
the virus inoculation. The remaining 21 bats 
which showed evidence of iabies infection all 
contained virus in the brain with occasional 
demonstration of virus in the salivary glands. 
A small percentage (<2%) of the bats used 
in these experiments may have been naturally 
infected with rabies virus. 


In the few instances in which symptoms in- 


+ Studies(22) concerning the laboratory care and 
maintenance of this bat species have indicated that 
those which survive 7 or 8 days in captivity can 
usually be kept for several months or longer. 
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cluding irritability and aggressiveness oc- 
curred prior to death it was clear that the in- 
cubation period in bats following intramuscu- 
lar, inoculation of virus was considerably 
longer than in mice inoculated intracerebrally, 
thus confirming previous reports with other 
species of bats and different virus strains(8, 
11). A few Mexican free-tailed bats inocu- 
lated intracerebrally with the Thompson 
strain of rabies virus used in these experi- 
ments also showed longer incubation periods 
than mice inoculated by the same route. 

Whether or not animals developed symp- 
toms of rabies and recovered could not be 
clearly established in these experiments be- 
cause of the difficulties involved in handling 
these animals. 

Discussion. In the present studies only 
23% of Mexican free-tailed bats showed evi- 
dence of infection following intramuscular in- 
oculation of rabies virus, and only a small 
proportion of these developed symptoms of 
rabies. This is not surprising since Enright 
and his associates(10) had shown that none of 
a limited number of the same species of bats 
inoculated intramuscularly with a strain of 
rabies virus originally isolated from Tadarida 
developed rabies symptoms. Whether these 
animals became infected was not established. 
Burns and his coworkers(8) have also shown 
that some Tadarida b. mexicana fail to de- 
velop symptoms of rabies; virus could be dem- 
onstrated in brain and salivary gland even 
though the animals showed no clinical evi- 
dence of illness. In earlier studies with vam- 
pire bats, Johnson(24) reported that in 
experimentally infected bats the incubation 
periods ranged from 7 to 171 days and some 
animals failed to develop the disease. Failure 
to infect a larger proportion of the bats by the 
intramuscular route of inoculation may have 
been due to the presence of neutralizing anti- 
bodies in many of these animals(8).° 

The studies described in this report suggest 
that the rabies virus is capable of proliferation 
in the interscapular brown fat of the Mexican 


§ It should be noted, however, that Schneider and 
his colleagues(4) failed to demonstrate neutralizing 
antibodies in another species of Tadarida (T. cyno- 
cephala) in another geographic area. 
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free-tailed bat following intramuscular inocu- 
lation. The brown fat may constitute a de- 
pot or “target organ” in which a hardy agent 
like the rabies virus is likely to persist for long 
periods of time. Virus has been demon- 
strated in this tissue in bats showing no overt 
signs of the disease 75 days after intramuscu- 
lar inoculation of the virus. Preliminary 
studies to be reported later have already in- 
dicated that gravid bats'| are more susceptible 
than nongravid animals, thus serving as a pos- 
sible mechanism for activation and perpetua- 
tion of the agent in this spring-breeding spe- 
cies. While the function of brown fat is not 
clearly established, there is evidence that it 
suppresses metabolism during winter sleep 
(25). Since brown fat is seasonally variable 
in amount and most abundant during the 
winter months, it is likely that the decreased 
metabolic rate during periods of cold weather 
may be concerned with the latent period of 
the rabies virus in bats. At such times one 
would expect less active viral proliferation. 
Whether virus can be demonstrated in brown 
fat of bats under natural circumstances re- 
mains to be determined. 

Studies designed to determine the route by 
which the brown fat is invaded by the rabies 
virus are in progress. It is hoped that tem- 
poral studies will establish the mode of pro- 
gression of the virus following peripheral in- 
oculation. 

These studies in addition to including the 
rabies virus among those (poliovirus and cer- 
tain Coxsackie viruses) which exhibit lipo- 
tropism suggest that this may prove to be a 
characteristic feature of infection with 
“hardy” viruses. 

Summary. 1. Studies on the progression of 
peripherally inoculated rabies virus in Mexi- 
can free-tailed bats (Tadarida b. mexicana) 
suggest that the brown (hibernating) fat plays 
a significant role in the pathogenesis of rabies 
in this animal. 2. Brown fat may serve as a 
depot for the storage of virus in symptomless 
carriers of the rabies virus. 3. These studies 
provide another example of selective viral lipo- 


|| Rabies virus has been demonstrated in the brain 
tissue of 2 infant bats suckling on an experimentally 
infected bat. 
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tropism. 
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Inhibitory Influence of a Normally Occurring Pyrimidine Precursor upon 
Methylcholanthrene Carcinogenesis.* (23508) 


STANFIELD ROGERS 
Department of Pathology, Duke University School of Medicine, Durham, N. C. 


In studies of the mechanism of action of 
urethane in initiating pulmonary adenomas in 
the lungs of mice, orotic acid, a naturally oc- 
curring pyrimidine(1) known to play a large 
part in nucleic acid synthesis(2) was found 
to be one of the most potent inhibitors of the 
sequential metabolic processes originally set 
off by the carcinogen(3). The following ex- 
periments were carried out to determine 
whether it might influence the carcinogenic 
effect of methylcholanthrene, a polynuclear 
hydrocarbon. The fact that polynuclear hy- 
drocarbons exert their effect over a long pe- 
riod of time necessitated, however, the use of 
a different technic from that carried out in 


* Supported by grant from Natl. Cancer Inst., 
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the studies of the short acting carcinogens 
(3,4). 


Materials and method. Mice of the Swiss 
and “C” strains, raised in this laboratory and 
procured originally from the stock of the 
Rockefeller Institute for Medical Research, 
New York City, and mice of the “A” strain 
procured from Bar Harbor, Maine, were used. 
The Swiss and “A” strain animals develop 
large numbers of pulmonary tumors following 
administration of a variety of carcinogens. In 
the “C” strain the tumors are much less nu- 
merous. In each experiment the animals used 
were of the same sex and matched as to age 
and weight. They were all kept on a stock 
diet (Laboratory Mouse Chow, made by Diet- 
rich and Gambrill, Frederick, Md.) This was 
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CHART 1. Inhibition of methylcholanthrene car- 


cinogenesis by increasing dietary orotic acid. 


supplemented twice weekly with whole wheat 
bread and milk. All mice were injected with 
0.2 cc of 2% methylcholanthrene (Eastman 
Kodak Laboratories, Rochester, N. Y.) in 
olive oil intramuscularly in the right thigh. 
Two to 5 days prior to the methylcholanthrene 
injection half the animals were given 0.1% 
pH 7 orotic acid (Nutritional Biochemicals 
Corp., Cleveland, O.) in tap water as their 
normal water supply. The control animals re- 
ceived only tap water. The mice receiving 
orotic acid in Exp. 1 and 4 received it for the 
duration of the experiment. Those of Exp. 2 
and 3 were given tap water for the last 4 
weeks of the experiment. There was no dif- 
ference in the relative fluid intake of experi- 
mental and control groups. The weights and 
general condition of the animals were fol- 
lowed closely because these factors signifi- 
cantly influence the number of tumors occur- 
ring following exposure to carcinogens(5). 
Animals which developed intercurrent disease 
or deviated in weight from the mean as much 
as 2 g were discarded. The mice were killed 
by decapitation in each experiment at the in- 
terval indicated in the Chart and their lungs 
examined for tumors. Only tumors on the 
surface of the lungs were measured and 
counted, and among these only those one- 
third mm in diameter and over figured in the 
results. 

Results. In the accompanying chart it is 
evident that the mice receiving supplemen- 
tary orotic acid developed significantly fewer 
tumors than did the controls. Since the weight 
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curves of the compared groups were held con- 
stant by discarding deviates they are not in- 
cluded in this report. The constancy of the 
weights of the 2 groups under these experi- 
mental conditions is indicated by the fact that 
the number of surviving animals in the groups 
is essentially equal. This together with the 
equality in average size of adenomas from 
group to compared group makes it clear that 
non-specific growth effects could not account 
for the reduction in the number of tumors in 
the animals receiving orotic acid and further 
that the inhibitory influence of orotate is upon 
the initiation and not the subsequent growth 
of the tumors(6). The tumors produced in the 
lungs were all of the general class variously 
categorized as pulmonary adenomas or adeno- 
carcinomas. The infrequency of the appear- 
ance of sarcomas at the site of injection of the 
carcinogen in these experiments does not per- 
mit the use of this feature in making a com- 
parison of the response of the two groups of 
animals. 

Summary. The carcinogenic influence of 
methylcholanthrene may be considerably re- 
duced by increasing the intake of a normal 
dietary constituent, orotic acid, a substance 
well known to be of great importance to the 
synthesis of nucleic acid pyrimidines. The 
absence of influence of this substance upon 
the condition of the mice or the size of the 
tumors indicates that it is acting at the level 
of initiation of the pulmonary tumors rather 
than upon their subsequent growth. This 
fact suggests that the metabolic mechanisms 
through which methylcholanthrene initiates 
neoplastic change is, like urethane(3), closely 
related to the synthesis of nucleic acid. 
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Potentiation of Polymyxin B Toxicity by ACTH.*t 


(23509) 


R. D. HiccINBOTHAM AND THOMAS F. DOUGHERTY 
Department of Anatomy, University of Utah College of Medicine, Salt Lake City 


The degree of polymyxin B toxicity has 
been found to be a function of the concentra- 
tion of heparin in the tissues and of the dose of 
polymyxin employed(1). The basic polypep- 
tide, polymyxin B, and the acidic mucopoly- 
saccharide, heparin, form a complex 7m vitro 
which does not readily dissociate 7m vivo. This 
complex can be sequestered by fibroblasts and 
deposited as intracytoplasmic metachromatic 
granules (quasi-mast cells)(2). Acute poly- 
myxin toxicity thus appears to be due to the 
amount of polymyxin in excess of that amount 
fixed by endogenous acidic mucopolysac- 
charides of the tissues. It has been postulated 
that heparin can act in the tissues as an ion ex- 
changer(3). The enhanced polymyxin B tol- 
erance of heparin-treated mice led to the as- 
sumption that the natural capacity for poly- 
myxin tolerance is dependent on an ion ex- 
change function of the tissues. The ability of 
an animal to tolerate polymyxin is represented 
as a function of the capacity of acidic macro- 
molecules in its tissues to exchange naturally 
bound substances for polymyxin. The release 
of histamine 7m vivo by polymyxin(4) and the 
degranulating effect of polymyxin on the he- 
parin- and histamine-containing mast cells of 
connective tissue(5) would support this as- 
sumption. As is well known, the capacity of 
an ion exchanger is a quantitative measure of 
its ability to exchange one substance for an- 
other and, during the course of its operation, 
this capacity becomes progressively smaller. 
In the following study the possibility has been 
examined that a naturally occurring substance 
which can form a complex with heparin may 
decrease the capacity of the tissues to fix poly- 
myxin and thereby relatively decrease the ca- 
pacity of polymyxin tolerance in the animal. 
The results obtained with the basic protein, 
adrenocorticotrophic hormone (ACTH) are in 
accord with this idea and indicate that ACTH 


* Research supported by grant from Department 
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can non-specifically potentiate polymyxin 
toxicity in a dose-response manner. 

Materials and methods. Complex forma- 
tion. The formation of heparin complexes 
with various drugs was determined as follows: 
The system consists of 120 pg of the dye, tol- 
uidine blue (G. Grubler & Co.), in complex 
with 50 »g of heparin (117 u/mg, The Upjohn 
Co.)+ in a series of tubes. Graded amounts 
of the test substances were added to make a 
final volume of 6 cc, all substances having 
been dissolved in deionized water. Toluidine 
blue and heparin rapidly form a complex 
which has an optimal absorption at 540 my in 
contrast to the optimal absorption of “free” 
toluidine blue at 630 muz(6). The dissociation 
of the toluidine blue-heparin complex is en- 
hanced in the presence of any of a number of 
basic substances which have an affinity for 
heparin. The dissociated dye is freely dialyz- 
able, and, at optimal proportions, the newly 
formed drug-heparin complex forms a definite 
precipitate. The amount of free dye was de- 
termined with a Coleman Jr. Spectrophoto- 
meter at a wave length of 630 my and the re- 
sults plotted against the respective amounts 
of basic substance used. The relative affini- 
ties of various substances for heparin were 
then compared. 

Toxicity studies. All materials for injec- 
tion were prepared in isotonic, pyrogen-free, 
sterile saline and were injected by the intra- 
venous route in a volume of 0.25 ml. Poly- 
myxin B (Aerosporin) + dose was based on the 
biological equivalent of the 50 mg polymyxin 
B standard (500,000 units of activity). CBA 
mice, 2 to 3: months of age and ranging in 
weight from 20 to 22 g, were challenged with 
a standard sublethal dose of polymyxin (3.5 
vg/g body weight) or mixtures of this stand- 


+ The authors wish to express their appreciation 
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Bloomfield of Burroughs Wellcome & Co. and Dr. 
James B. Lesh of Armour Laboratories for their 
generous gifts of heparin, polymyxin B and ACTH, 
STH, and TSH and chymotrypsin, respectively. 
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FIG. 1. Comparison of dye release activities of 1) 
graded amounts of polymyxin B, 2) a constant 
amount of polymyxin B (15 ug) with graded 
amounts of ACTH and 3) graded amounts of ACTH. 
Note additive effect of ACTH on release of toluidine 
blue from heparin complex by polymyxin B. 


ard polymyxin dose with a given amount of 
one of the test substances. Control mice were 
given the individual drugs in the same 
amounts and manner. Toxicity was deter- 
mined on the basis of number of animals sur- 
viving for 24 hours following challenge. How- 
ever, under the conditions of this study deaths 
usually occurred within 5 minutes after injec- 
tion. The substances tested for their heparin 
affinity as well as for their effect on polymyxin 
toxicity were: ACTH (ACTHAR, H.P., lyo- 
philized), STH (Somatotropin, lyophilized) , 
TSH (Thyrotropar, lyophilized) and Chymo- 
trypsin from Armour and Co.,*+ clupein sulfate 
(K and K Laboratories) and neomycin sul- 
fate (665 ug/mg, Nutritional Biochemicals 
Corp.) and toluidine blue. 

Results. In vitro. The toluidine blue- 
heparin complex was used as an in vitro model 
system to simulate a readily dissociable state 
of acidic macromolecules in the tissue. The 
interaction of polymyxin with this heparin 
complex as evidenced by the release of tolui- 
dine blue is shown in Fig. 1. Since the disso- 
ciated dye is freely dialyzable and, at optimal 
proportions, the polymyxin-heparin complex 
is visible as a definite precipitate, the poly- 
myxin can be designated in this system either 
as a “releaser” of toluidine blue or as a 
“binder” of heparin. The concomitant forma- 
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tion of a heparin complex with the polymyxin 
releaser is also indicated by the markedly re- 
duced toxicity of polymyxin when complexed 
with heparin either im vitro(7) or im vivo(2). 
Therefore, the release of dye is considered as 
indirect evidence of the formation of a com- 
plex between the ‘“‘releaser” and heparin. 

As indicated in Fig. 1, the amount of dye 
released is proportional to the log concentra- 
tion of polymyxin within the measured range 
of 15 to 80 pg polymyxin per 6 cc of the test 
system. It is also shown in Fig. 1 that with 
a constant amount (15 »g) of polymyxin and 
graded amounts (15-100 png) of ACTH, the 
total amount of dye released/yg of polymyxin 
is progressively greater but proportional only 
to the ACTH concentration. Thus the re- 
lease of dye by polymyxin is of a non-specific 
nature. Actually, as shown in Fig. 1, ACTH 
also has a dye releasing activity which is con- 
sistent with an ability to bind with heparin 
(8). Therefore ACTH has an additive effect 
on this in vitro dye releasing activity of poly- 
myxin. Since the biological effects of poly- 
myxin and ACTH are apparently so dissimi- 
lar, this additive effect of ACTH would be 
manifested im vivo as a potentiation of a 
polymyxin effect in the tissues (7.e., toxicity). 
In other words, ACTH could compete with 
polymyxin for binding with acidic mucopoly- 
saccharides in the tissues and in this manner 
serve to deplete the total number of active 
sites otherwise available for the fixation of 
polymyxin. The net effect of this competition 
would be to increase the amount of polymyx- 
in free to act at other sites in the tissues and 
would be equivalent to the effects of larger 
doses of polymyxin. 

In vivo. To evaluate the possibility that 
ACTH could competitively interact with poly- 
myxin “binding sites” in the tissue, mixtures 
containing a standard sublethal dose (3.5 pg/ 
g) of polymyxin and graded amounts (0-37.5 
pg/g) of ACTH were used as intravenous 
challenges for a number of groups of mice. 
The experimental groups consisted of 10 ani- 
mals each. The intravenous route was used 
for challenge since this is the most sensitive 
method for eliciting the toxic effects of poly- 
myxin. 

In accord with the assumption made, in- 
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FIG. 2. Effect of ACTH on polymyxin B tolerance 
of 11 weeks old CBA mice (10 mice/group). Ani- 
mals were injected intravenously with a standard 
sublethal dose of polymyxin B containing graded 
amounts of ACTH (abscissa). Note that tolerance 
decreases as ACTH dose increases. 


creasing doses of ACTH should progressively 
decrease heparin-like sites in the tissues other- 
wise available for interaction with a given 
amount of polymyxin. Concomitantly, there 
should be an increase in the relative amount 
of polymyxin available to interact with more 
vital sites or activities in the tissues. The 
postulated ACTH effect should therefore be 
measurable in terms of a decreased polymyxin 
tolerance relative to the ACTH dose. In Fig. 
2, the per cent survival has been plotted 
against the respective dose of ACTH (yg/g) 
contained in the polymyxin-ACTH mixture. 
It can be noted that mice receiving the con- 
trol polymyxin dose had a 100% survival. In 
related experiments a total of more than 35 
mice have received this standard polymyxin 
dose without lethal effects (see Table I). 
However, those animals given 5 to 10 yg 
ACTH /g with the polymyxin dose had only 
an 80% survival; 25 ug ACTH/g: 40% sur- 
vival; and 37.5 wg ACTH/g: 10% survival. 
Larger amounts of ACTH (50 yg/g) have 
been found to decrease the survival to 0%. 
Control doses of ACTH alone had no obvious 
toxic effects (see Table I). These results in- 
dicate that although the interaction of ACTH 
with tissue constituents does not of itself in- 
duce lethal toxicity, this interaction can re- 
duce tolerance for polymyxin by interfering 
with tissue mechanisms necessary for dealing 
with this latter drug. The net effect is a 
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TABLE I. Comparison of Various Drugs for Ef- 
fect on Polymyxin Tolerance and for Dye Release 
Activity. 


-— Treatment and survival ratios—, 
Drug doses (ug/g) 


50% dye re- 
lease activity 


Group 25 12.5 6.25 (ug) 
ACTH 150 
Control 10/10 
Pains 6/15 
STH Ineffective 
Control 10/10 
Pmx* = 
TSH oa 
Control ss 
Pim a 
Chymotrypsin 2 
Control ; 
Pm. - 
Clupein 34.5 
Control - 
Pmx* 1/10 3/10 10/10 
Neomycin 20 
Control 0/10 10/10 
Prix 0/10 7/10 
Toluidine blue (60) 
Control 10/10 
1 Pransx 0/10 5/10 8/10 
Polymyxin 30 
Control 0/10 
Prex* ty 
Saline — 
Control 
Prix 85/35 


* Challenge consists of respective drug dose as a 
mixture containing a sublethal dose (3.5 ug/g) of 
polymyxin B. 


potentiation of polymyxin toxicity by ACTH. 

Specificity. The importance of ACTH as a 
hormone made it imperative that further ex- 
periments be performed to determine the spe- 
cificity involved in the ACTH effect on tol- 
erance to polymyxin. Accordingly, a number 
of other substances were selected for com- 
parison with ACTH. Groups of mice were 
treated as before and the standard polymyxin 
dose was given as a mixture with different 
amounts (25.0, 12.5 or 6.25 pg/g) of the test 
substances and their effects on the survival 
ratios were noted. In an associated study, 
the effect of each of the test drugs on the dis- 
sociation of the toluidine blue-heparin com- 
plex was also determined. The amount of test 
substance required to release 50% (60 pg) of 
the dye from its heparin complex was desig- 
nated as the 50% releaser activity of the drug. 
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A substance was arbitrarily considered as in- 
effective if more than 1 mg of it was required 
for 50% releaser activity. Comparisons of the 
various drugs on the basis of their effects on 
survival ratio and their releaser activities can 
be observed in Table I. 

A comparison of ACTH with STH and 
TSH, respectively, indicated that ACTH was 
the only one of these protein hormones from 
the adenohypophysis which had a demonstrable 
effect on survival ratios or was an effective 
dye releaser. Chymotrypsin, another protein 
with biological activity, had no significant ef- 
fect on survival or dye release. However, 
clupein, a basic protein derived from a nu- 
cleoprotamine, proved to have marked effect 
on survival ratios and also proved to be an 
effective releaser substance. The non-speci- 
ficity of the ACTH effect on polymyxin toler- 
ance can thus be seen and it would appear 
that this effect is related to the basic protein 
character of ACTH. Moreover, neomycin, a 
basic polypeptide-like antibiotic substance, 
also had a definite effect on survival ratios at 
dose levels which were not lethal to control 
mice. This substance also had a pronounced 
dye releaser activity. 

Toluidine blue, a basic thiazine dye with a 
well known affinity for heparin either in vitro 
(6) or in vivo(9) also potentiated the toxicity 
of polymyxin. This observation gives further 
support to the idea that the potentiation of 
polymyxin toxicity by these basic substances 
is a result of their competition with polymyxin 
for certain non-specific bindings with acidic 
polyelectrolytes of the tissues. Furthermore, 
it is obvious from the table that polymyxin it- 
self is the most active potentiator of polymyxin 
toxicity and that, like all other substances 
found to potentiate polymyxin toxicity, it also 
has an effective dye release activity. 

Discussion. A potential affinity of ACTH 
for various acidic constituents of the tissues 
has been discussed(10) with emphasis on the 
significant relationship between the basic 
character of ACTH and the acidic nature of 
the basophilic cells of the adenohypophysis. 
Reports that ACTH complexes with heparin 
in vitro(8) and possibly in vivo(11) give fur- 
ther support to this idea. Similarly, the basic 
character of polymyxin B, and its affinity for 
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phosphorylated constituents of the bacterial 
cell(12) as well as-its formation of complexes 
with heparin either in vitro or in vivo(2) in- 
dicate that it also has a potential for inter- 
acting with various acidic constituents of the 
tissues. Obviously, such interactions would 
be partially non-specific and this would imply 
that ACTH and polymyxin B could non-spe- 
cifically compete for acidic binding sites in 
the tissues. This assumption is supported by 
the observations in the present study that 
both ACTH and polymyxin enhance the disso- 
ciation of a toluidine blue-heparin complex 
(i.e., heparin binding) in vitro, that they have 
an additive effect on this dissociation, and 
that ACTH potentiates polymyxin toxicity im 
vivo. These observations as well as those by 
other workers indicate that ACTH can par- 
ticipate in biological activities of an extra- 
adrenocortical nature. For instance, ACTH 
has been found to inhibit the conjugaton of 
cortisol by the liver(13). With regard to the 
interaction of ACTH with other basic sub- 
stances, recent studies by other laboratories 
have indicated that the basic polypeptide, 
pitressin, has a measurable and perhaps spe- 
cific ACTH releaser activity in vivo(14), that 
the basic polypeptide, glucagon, can exert a 
sparing effect on demonstrable ACTH in 
adenohypophyseal minces(15) and con- 
versely, that alpha corticotrophin, etc., can 
potentiate the activity of otherwise ineffec- 
tive amounts of glucagon im vitro(16). The 
effect of ACTH on polymyxin toxicity re- 
ported here would appear to be only one of 
a number of examples in which a biological 
activity of a given basic substance is mark- 
edly enhanced by the presence of another. In 
the present instance, the effects would not re- 
quire the direct intervention of specific en- 
zymatic processes for their demonstration and 
could be most easily explained as the result 
of a competition between the basic substances 
for the same acidic sites in the tissues. Thus, 
with a limited number of acidic sites capable 
of binding polymyxin, the amount of poly- 
myxin bound would be relative to the concen- 
tration of other substances capable of com- 
peting with polymyxin for these sites. Since 
polymyxin toxicity is dose dependent and the 
depletion of non-specific binding sites in the 
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tissues would increase the relative amount of 
polymyxin available for interaction with more 
vital sites or activities in the tissues, ACTH 
enhances the toxicity of polymyxin B. In 
this manner, an otherwise sublethal amount 
of polymyxin becomes a fatal dose. 

The reduction of polymyxin tolerance by 
clupein, neomycin or toluidine blue (which 
are structurally unrelated to ACTH, polymyx- 
in or to each other) indicates the non-speci- 
ficity involved in the effects of such substances 
on the capacity of the tissues to tolerate poly- 
myxin. The effects of these substances on 
polymyxin tolerance can be correlated by 
their common affinity for heparin in vitro. 
Heparin as well as other acidic substances 
such as chondroitin sulfate B or any of a va- 
riety of chemically sulfonated macromolecules 
have been found to enhance the tolerance of 
these animals for polymyxin(1,7). Theore- 
tically, polymyxin tolerance in the tissues can 
be described as a function of endogenous 
heparin. The term “heparin” is used here in 
a generic sense to include those tissue sub- 
stances capable of complexing with polymyxin 
such as other sulfonated polysaccharides. It 
has been proposed that the mechanism in the 
tissues whereby heparin interacts with poly- 
myxin, etc., is related to the capacity of 
heparin to serve as an ion exchanger (7.e., a 
readily dissociable state of heparin)(3). In 
this respect, heparin can become relatively 
unavailable for interaction with polymyxin 
if the capacity of this exchanger has been 
reduced as a consequence of its interaction 
with other substances which also have a strong 
affinity for this tissue mucopolysaccharide. 
The linear dose effect of ACTH on polymyxin 
tolerance can readily be explained on this 
basis. Therefore, the capacity to tolerate a 
given amount of polymyxin can be measurably 
altered in one direction or another (tolerance 
versus toxicity) by certain naturally occurring 
substances in the tissues (heparin versus 
AC TE): 

It may be held unlikely that a sufficient 
amount of endogenous ACTH is present fol- 
lowing stress to produce toxicity according to 
the point of view given here. Basic sub- 
stances acting as stressors and the accumu- 
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lated basic polypeptides released from injured 
cells could all compete for sulfonated macro- 
molecules and this summation of complexes 
could produce stress by exceeding the ion ex- 
change capacity of the tissue. This possi- 
bility has been explored and will be reported 
later. 


Summary. An in vitro technic has been 
used to detect the interaction of various basic 
substances (ACTH, polymyxin, clupein and 
neomycin) with heparin, an acidic mucopoly- 
saccharide of the tissues. It was observed 
that substances effectively interacting with 
heparin in this im vitro system markedly po- 
tentiated the toxicity of polymyxin B im vivo. 
It has been suggested that polymyxin toler- 
ance is dependent on an ion exchange function 
of heparin-like constituents of the tissues and 
that the capacity for tolerance can be reduced 
by substances which have a strong affinity for 
these heparin-like constituents. 
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Effect of Ethylenediaminetetraacetate on Lipide Peroxide Formation and 


Succinoxidase Inactivation by Ultraviolet Light:* 


(23510) 


AvBert A. BARBER AND ATHOS OTTOLENGHI (Introduced by F. Bernheim) 
Departments of Zoology and of Physiology and Pharmacology, Duke University, Durham, N. C. 


Exposure of cells, mitochondria and other 
biological material to ultraviolet light cata- 
lyzes the formation of lipide peroxides. The 
observed inhibition of biological activity (cell 
division, mitochondrial enzymes) upon irradi- 
ation is proportional to the amount of lipide 
peroxides formed. Similar effects can be pro- 
duced by lipide peroxides when they are added 
to the various biological systems(1-5). This 
suggests that these peroxides may act as medi- 
ators of the effects produced by irradiation. 
If this is the case, then substances which inter- 
fere with lipide peroxide formation should also 
inhibit the biological effects of ultraviolet ir- 
radiation. To test this hypothesis, experi- 
ments were carried out with ethylenediamine- 
tetraacetate (EDTA) which as the following 
results indicate, prevents peroxide formation 
in liver homogenates and mitochondria ex- 
posed to ultraviolet light. The results show 
that it is possible to protect the succinoxidase 
in mitochondria from inhibition by ultraviolet 
light if EDTA is present and that the protec- 
tion is proportional to the inhibition of perox- 
ide formation. Unlike its action in homoge- 
nates and mitochondria EDTA does not pre- 
vent peroxide formation in pure methyl lino- 
lenate emulsions similarly exposed to ultra- 
violet light. 

Materials and methods. Homogenates were 
prepared from rat liver in cold isotonic KCl 
buffered at pH 7.0 with Na-K phosphate buf- 
fer, to a final dilution 1/8 (w/v). For expos- 
ing the homogenates to ultraviolet irradiation 
8 ml of the homogenate were placed in a 120 
ml round bottom quartz flask. EDTA or 
other compounds were added to the flask in 
1 ml of buffer and 1 ml of buffer was added to 
the controls. The flasks were rotated at 15 
r.p.m. at a distance of 15 cm from the ultra- 
violet lamp. The ultraviolet source was a 
Hanovia Utility Model mercury arc lamp 
rated at an intensity of more than 250 micro- 
watts per sq cm at a distance of 50.8 cm for 
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wavelengths below 3130 A. A current of air 
maintained the temperature at 27 + 1°C. 
Samples were removed at intervals and per- 
oxide formation determined by the TBA (thio- 
barbituric acid) reaction(6). Mitochondria 
from rat liver were prepared by differential 
centrifugation in isotonic sucrose(7). The 
fluffy layer was discarded and the mitochon- 
dria were washed twice with isotonic KC] and 
resuspended in isotonic KCl-Na-phosphate 
buffer, pH 7.4. Succinoxidase activity was 
measured in the mitochondria by the method 
of Schneider and Potter(8), using the equiva- 
lent of 36 mg of liver in each Warburg vessel. 
The average oxygen uptake of these prepara- 
tions was 151 pl/30 min. The irradiation pro- 
cedure was the same as that for the homoge- 
nates. For irradiation of methyl linolenate 
0.05 ml of the ester was emulsified with 100 
ml of M/10 phosphate buffer, pH 7.0, in a 
Waring blendor for 4 minutes. Ten ml of 
this emulsion were placed in the quartz flasks 
and various substances were added in 1 ml 
volumes. The final volume in each flask was 
brought to 12 ml with buffer. Samples were 
taken at intervals and peroxide formation was 
measured by the TBA test after extraction 
with chloroform. 


Results. Lipide peroxide formation in liver 
homogenates is catalyzed by iron or ascorbic 
acid(9,10). A wide variety of chemical sub- 
stances will inhibit this oxidation among which 
chelating agents appear to be the most ef- 
fective on a molar basis. These substances 
also inhibit lipide peroxide formation in 
homogenates exposed to ultraviolet light 
(Table I). Irradiation of mitochondrial sus- 
pensions results in an increased peroxide for- 
mation and there is a corresponding decrease 
in succinoxidase activity(3). In studies on 
inhibition of peroxide formation in mitochon- 
dria, EDTA was chosen as the most suitable 
inhibitor because of its effect on the homoge- 
nate, and its lack of absorption of ultraviolet 
light. Peroxide formation in mitochondria ex- 
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EDTA AND ULTRAVIOLET RADIATION 


TABLE I. Effect of Various Compounds on Lipide Peroxide Formation in Irradiated Liver 
Homogenates. 
Rat liver homogenates were diluted 1 to 8. Final concentrations of added compounds were 2.3 
< 10° M glutathione, diethyldithiocarbamate, NaCN, 2 x 10“ M (1) and 2 X Nl Oipeae iat (2) 


EDTA. 
Shee ; TBA optical density ae 
irradiation Diethyldithio- 
(min. ) Buffer Glutathione carbamate NaCN EDTA (1) EDTA (2) 
60 SANS .075 .035 050 .020 .000 
120 .530 .140 .085 .105 .000 .145 
posed to ultraviolet light for 2 hours was in- fe 
hibited. Inhibition also occurred in the con- Bee tes, net BOI “ 
. + . 0.08 
trols which were rotated in the dark (Table 5 UY No oT 


bh): 

Succinoxidase activity is partially inhibited 
by 5 x 10° M EDTA. This concentration 
will inhibit the oxidation of lipids by ultra- 
violet light and there is little further loss of 
enzyme activity due to the action of ultra- 
violet light. However, at an EDTA concen- 
tration of 1.0 x 10° M there is no inhibition 
of succinoxidase and a significant protection 
of enzyme activity occurs when mitochondria 
are irradiated for different times. The degree 
of protection is correlated with the inhibition 
of peroxide formation (Fig. 1). 

EDTA does not inhibit peroxide formation 
in pure methyl linolenate exposed to ultra- 
violet light. It prevents, however, the initial 
antioxidant effect of ascorbic acid and the 
catalytic effect of iron on this system (Table 
III). In tissue homogenates, ascorbic acid in 
low concentrations and iron catalyze peroxide 
formation and EDTA inhibits both (unpub- 
lished). 

Discussion. The inability of EDTA to in- 
hibit peroxide formation in pure methyl lin- 
olenate cannot be ascribed to its presence in 
the water phase and its consequent inability to 
come in intimate contact with the fatty acid 
ester, since ascorbic acid, a highly water solu- 


TABLE II. Inhibition by EDTA (1.2 X 10° M) 
of Peroxide Formation in Mitochondria. 
Suspension was irradiated for 60 and 120 min. 
Controls were rotated in the dark. 


nnerot TBA optical density 
irradiation Not irradiated Irradiated 
(min. ) Buffer EDTA Buffer EDTA 
0 .040 .030 .040 -030 
60 .050 .035 .080 .040 
120 .080 .030 .170 .090 


TBA OPTICAL DENSITY 


| i | | 
° 10 20 30 40 50 


% \NHIBITION SUCCINOXIDASE 


FIG. 1. Effect of EDTA (1.0 X 10° M) on peroxide 
formation and succinoxidase activity in rat liver 
mitochondria exposed to ultraviolet light. 


ble substance, acts as an antioxidant under the 
same conditions. It is therefore necessary to 
conclude that ultraviolet light produces per- 
oxides in this system without the interven- 
tion of cations. In tissues, however, the situ- 
ation is different. Although some peroxide 
is formed in the presence of EDTA, the rate 


TABLE III. Effect of Various Compounds on Per- 
oxide Formation in Methyl Linolenate Exposed to 
Ultraviolet Light. 

0.05 ml of methyl linolenate was emulsified in 100 
ml of phosphate buffer M/10, pH 7.0, except in the 
case of iron where 100 ml of demineralized water 
was used. The final concentrations of added com- 
pounds were 1.2 x 10°M EDTA, 1.2 x 10° M as- 
corbie acid, and 1.0 K 10-* M FeCl, -6H,O. 


TBA optical density 


Time of Aseorbie 

irrad. H.O acid FeCl, 

(min.) EEO EDTA EVO EDDAS EROS EDTA 
0 090 .070 070  .070 145 = .095 
10 405 ~=.380 140 = .380 680 .455 
20 700 ~=.700 470 ~=—-.670 900 .620 
30 930 ~945) 4750) 945 1.155 = .800 
40 1.060 1.080 .920 1.160 1.300 1.000 
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of formation is greatly reduced by it. This 
suggests that cations may act catalytically 
when the unsaturated fats are associated with 
tissue components. The mechanism, however, 
is not clear. Most tissues contain antioxi- 
dants which may be chelating agents, from 
which a cation, possibly iron, could be re- 
leased by the action of ultraviolet light to 
catalyze lipide peroxide formation. EDTA 
would chelate the cation and inhibit its cata- 
lytic activity. There is no explanation at 
present for the effect of EDTA on the anti- 
oxidant action of ascorbic acid on pure methyl 
linolenate. 

Since the succinoxidase inhibition both in 
the presence and absence of EDTA is directly 
proportional to the lipide peroxide concentra- 
tion, it appears that lipide peroxides mediate 
to a great extent the effect of ultraviolet light 
on this system. 

Summary. 1. EDTA inhibits lipide perox- 
ide formation in rat liver homogenates and in 
rat liver mitochondria exposed to ultraviolet 
irradiation. 2. Ultraviolet light inhibits suc- 
cinoxidase in mitochondria and EDTA pro- 
tects it from inactivation. The protection is 
proportional to the inhibition of lipide 
peroxide formation. 3. EDTA does not in- 
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hibit lipide peroxide formation in pure methyl 
linolenate emulsions irradiated with ultra- 
violet light but does inhibit both the antioxi- 
dant effect of ascorbic acid and the iron catal- 
ysis of peroxide formation in these emulsions. 
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Effect of Dietary Lipids on the Lipids in Rats’ Milk.* (23511) 


L. E. HALLANGER AND M. O. SCHULTZE 
Department of Agricultural Biochemistry, University of Minnesota, Institute of Agriculture, 
St. Paul, Minn. 


It is well known (for reviews see 1,2,3) that 
the amount and type of fat in the diet of ru- 
minants can affect the amount and particu- 
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larly the composition of the milk fat. With 
monogastric animals these relationships have 
received less attention. Gogitidse(4) con- 
cluded that the iodine number of the milk fat 
sncreased after feeding of hemp seed oil or 
linseed oil to women. Mueller and Cox(5) 
reported that the iodine number of the milk 
fat of rats followed that of the fat fed, and 
that “this relation can be expressed as a 
straight line function.” Loosli et al.(6) re- 
ported that feeding of corn oil or ethyl linole- 
ate to lactating rats significantly increased the 
iodine number of milk fat recovered from the 
stomachs of the young immediately after 
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TABLE I. Unsaturated Fatty Acid Content of 
Rations and Their Lipid Components. 


Fatty acids,* g/100 g of 
diet or lipid 


Tetra- 
Ration or lipid Dienoie Trienoie  enoic 
Ration AAs, 283 none none 
’ ae 1.49 099 003 
OC, 3.60 217 015 
Corn oil 58.8 1.00 a0) 
Wheat germ oil 48.2 4.42 15 
Fat from rolled oats 35.7 2.00 2d 
Methyl linoleate-urea 22.6 none none 
complext 


* Caleulated as linoleic, linolenie and arachidonie 


acids respectively. 

t Dried in vacuo at 50°C. 
suckling. 

Experiments in this laboratory(8) afforded 
an opportunity to determine the polyenoic 
acids in milk of rats which consumed diets 
containing either methyl linoleate or 3% of 
vegetable oil as the only source of fatty acids. 

Methods. The milk was collected by the 
method of Luckey et al.(9) from rats towards 
the end of their second reproduction-lactation 
cycle. Milk donors and their dams had been 
fed exclusively ration AAs or AAgs,, previ- 
ously described in detail(8), since weaning 
and throughout pregnancy and lactation. Ra- 
tion AAs) was assembled from compounds of 
known chemical structure and contained su- 
crose, 16 amino acids, 10 salts, 14 vitamins, 
choline chloride, propylene glycol and 1.25% 
of methyl linoleate urea complex. Ration 
AA»; contained the same ingredients as ration 
AAzo except that 3% of a 2:1 mixture of 
wheat germ oil and corn oil was substituted 
for the methyl linoleate complex, alpha-toco- 
pherol and part of the sucrose. The polyenoic 
acid content of rations and their lipid com- 
ponents are shown in Table I. Two specimens 
of milk fat were also available which had been 
collected from rats fed ration OC,(10) which 
contained 84% rolled oats, 6.5% casein, 2% 
wheat germ oil, 1% corn oil, salts and vita- 
mins. The milk was stored under nitrogen at 
—15°C until analyses were made. In a few 
instances fat of freshly collected milk was 
separated by centrifugation, washed with 
water and then stored as indicated. The milk 
was extracted 3 times under reflux and a slow 
stream of nitrogen with about 5 times its vol- 
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ume of a mixture of ethanol-diethyl ether 
(3:1) for 30 minutes at 70°C. Cooled ex- 
tracts were filtered through Whatman No. 40 
filter paper and the latter washed with more 
hot solvent. Ether was removed from com- 
bined extracts and washings at about 35°C 
with a stream of purified nitrogen, the alco- 
holic residue was diluted to a convenient vol- 
ume and aliquots were used for determination 
of dry weight and for alkali isomerization. As 
suggested by Holman(11) the ethanolic solu- 
tion of lipid was used directly for alkali iso- 
merization which was carried out according to 
procedures of Herb and Riemenschneider (12). 
In accord with others(13), who have analyzed 
milk fat, preliminary experiments showed that 
saponification prior to alkali isomerization did 
not affect the results obtained with our speci- 
mens and it was not used. Measurements of 
absorbance at 233, 268, 315 and 346 my were 
made before and after alkali isomerization. 
Concentration of polyenoic acids was calcu- 
lated by formula C of Herb and Riemen- 
schneider(12) in terms of linoleic, linolenic 
and arachidonic acids although the chain 
lengths and the positions of double bonds of 
unsaturated fatty acids in rats’ milk are ad- 
mittedly not known. Absorbance before al- 
kali isomerization, presumably due to the 
presence of conjugated polyenoic compounds, 
contributed in milk from rats fed ration AAso 
12.7 and 5.5% of the values calculated for 
unconjugated dienoic and trienoic acids re- 
spectively; with milk fat from rats fed ration 
AA», the corresponding values were 3.8% 
and 3.6% respectively. The lipid compon- 
ents of the rations were also analyzed by al- 
kali isomerization. 

Results. Table II presents a summary of 
analyses for polyenoic acids in milk fat. Rats 
which were maintained on a diet devoid of tri- 
enoic and tetraenoic acids were able to secrete 
fat which, on the basis of spectrophotometric 
evidence, contained significant quantities of 
unconjugated trienoic and tetraenoic acids. 
When polyenoic acid content of the ration was 
increased (Table I) by addition of natural 
oils, total fat content of the milk was de- 
creased by 28% but the milk fat had a greatly 
increased concentration of dienoic acid and a 
less marked but significant increase in trienoic 
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TABLE IT. Effect of Diet on Unsaturated Fats in Rats’ Milk. 
No. or type Fatty aetds as % of total fat 
Source of fat of specimen Dienoi¢ Trienoic¢ Tetraenoie 
Milk of rats fed ration AAs, 22 1.86 + .09* 71+ .01 35 + .03 
(fat content of milk 12.2 + .92%*) % * 
Milk of rats fed ration AAy, 16 6.66 + .38* 1.02 + .06 84 + .05 
(fat content of milk 8.8 + 98%*) - iy 
Milk of rats fed ration OC, Pooled, purified 17.6 iL ay 1.08 
specimen t 
Idem Pooled, centri- 36.8 2.63 2.59 


fuged fatt 


* Stand. error of mean. 


ie + Specimen prepared by R. L. Yass from pooled rats’ milk, deproteinized with equal vol of 
95% ethanol, extraction of alcohol soluble fraction with 5 volumes of a mixture of diethyl ether 
and petroleum ether (1:1, v/v), drying over Na.SO,, removal of solvent and storage under ni- 


trogen at —15°C. 


+ Specimen prepared by R. L. Glass from pooled rats’ milk by centrifugation; used without 


further purification or extraction. 


and tetraenoic acids. A 5.2-fold increase in di- 
enoic acid content of the diet brought about a 
3.6-fold increase in dienoic acid of milk fat. 

Two specimens of pooled milk fat, from 
rats fed a ration of natural products which 
supplied 3.6% of dienoic acid, contained 
17.6% and 36.8% of dienoic acid. In another 
specimen, collected from a single rat fed ra- 
tion OC, extracted and analyzed as described 
above, concentrations of dienoic, trienoic and 
tetraenoic acids were 21.1%, 1.41% and 
1.03% respectively. In comparison with fat 
from cows’ milk for which a maximum value 
of 2.7% of dienoic acid has been reported (14) 
the content of the polyenoic acids in fat of 
rats’ milk is unusually high. In the unpurified, 
pooled specimen of milk fat, from rats fed 
ration OC,, which contained 36.8% of di- 
enoic acid, the absorbance at 233 millimicrons 
before alkali isomerization was only 2.77% of 
that determined afterwards; hence, most of 
the dienoic acid appeared to be of the uncon- 
jugated type and of dietary origin. 

The concentration of polyenoic acids in 
dietary fats reported in Table I falls into the 
range of values reported by others(15,16,17). 

The chemical nature and origin of un- 
saturated fatty acids found in milk fat of rats 
fed ration AAs) cannot be ascertained with 
certainty from available evidence. The ana- 
lytical methods used give no clue to maximum 
chain length of the polyenes. The dienoic 
acid is no doubt linoleic acid of dietary origin 
since the rat cannot synthesize this compound 


at a rapid rate. Holman(18) and Deuel and 
Reiser(19) have reviewed evidence for con- 
version of linoleic acid to arachidonic acid 
which, according to recent work(20) can ap- 
parently occur in the liver of the rat. We are 
not aware of evidence for conversion of lino- 
leic acid to linolenic acid. However, Mead 
and Slaton(21) isolated recently from pooled 
tissues of 25 male rats, maintained on a fat- 
free diet, 118 mg of hexabromide of a com- 
pound assigned the structure of 5,8,11-eico- 
satrienoic acid. They suggest that this was 
formed by reduction of arachidonic acid and 
not as an intermediate in conversion of lino- 
leic acid to arachidonic acid. Hence it might 
arise indirectly from linoleic acid. Dam eé al. 
(22) have recently reported that total trienoic 
acid increased in tissues of rats during 18 
weeks maintenance on a nearly fat-free diet 
and attributed this to conversion of linoleic 
to trienoic acid. If it is assumed that a litter 
of rats, while solely dependent on mother’s 
milk, makes a weight increment of 200 g of 
fresh weight or 50 g dry weight(23) with a 
35% efficiency (24) of conversion of milk 
solids into body solids, and that the fat con- 
tent of rats’ milk(25) is 407% of the milk sol- 
ids, the total output of trienoic acid, during 
this period, of a rat fed ration AAs) would be 
about 0.4 g. This is about twice the amount 
of tetraenoic acid produced from linoleic acid 
(20,26) and greatly exceeds the quantity of 
the Coo-trienoic acid found in tissues of rats 
fed a fat-free diet(21). There is no assurance 
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that polyenoic acids found in milk fat from 
rats fed rations containing natural oils were 
the same as those observed when the methyl 
linoleate-urea complex was the only source of 
dietary fatty acid. 

Microbiological synthesis of trienoic acid 
in the intestinal tract cannot be excluded as a 
possible source of polyenoic acid in milk fat 
although coprophagy has hitherto not been 
reported as a complicating factor in develop- 
ment of dietary deficiency of polyenoic acids. 
It appears more likely that trienoic acid was 
formed in the mammary gland or elsewhere, 
under stimulus of lactation, in amounts far ex- 
ceeding those which non-lactating young rats 
can synthesize, if at all, on a fat-free diet. 

These studies demonstrate clearly that 
concentration of dienoic and, to a smaller ex- 
tent, of trienoic and tetraenoic acids in milk 
of a monogastric animal can be markedly ele- 
vated by an increased consumption of such 
compounds. Whether such an increase, over 
amounts needed to meet requirements for 
linoleic acid, is of nutritional benefit to the 
young organism is not known but this ques- 
tion merits attention with respect to possible 
long-range dietary effects of unsaturated fatty 
acids(27,28). 

Summary. Spectrophotometric determina- 
tions of polyenoic acids showed that the milk 
of rats whose diet contained methyl linoleate 
as the only source of fatty acid contained sig- 
nificant quantities of unconjugated dienoic, 
trienoic and tetraenoic acids. Feeding of vege- 
table oils caused a great increase in concen- 
tration of unconjugated dienoic acid and, to a 
smaller extent, an increase of trienoic and 
tetraenoic acids in milk fat. 
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A Fluorescent Test for Treponemal Antibodies. (23512) 


— 


W. E. Deacon, V. H. FALCONE AND AD HARRIS 
Research Laboratory, Venereal Disease Branch, CDC, Chamblee, Ga. 


The value of fluorescent antibody pro- 
cedures has been adequately demonstrated in 
a wide variety of studies(1,2,3). Until re- 
cently, these technics have not been applied in 
the field of venereal disease(4). It is the pur- 
pose of this report to describe and discuss the 
use of fluorescein labeled antiglobulin as an 
indicator of treponemal antibodies. 

Materials and methods. Treponema palli- 
dum, Nichols strain (T.p.) was used as an 
antigen and was obtained from rabbit testicu- 
lar tissue by extraction as recommended for 
the Treponema pallidum Immobilization 
(TPI) test(S). Human serums were made 
available from laboratory stocks. Syphilitic 
rabbit serums were produced by intradermal 
inoculation of minimal infective doses of T.p. 
and bleeding from ear veins at weekly inter- 
vals. All serums were heated at 56°C for 30 
minutes before being tested. Dilutions of se- 
rums and globulins were prepared in phos- 
phate buffered saline pH 7.2 (BS). Produc- 
tion of goat antihuman serum (GAH) and 
goat antirabbit serum (GAR) followed the 
general procedure as outlined by Proom(6). 
Nanny goats of about 12 months of age were 
injected according to the following schedule: 
{st intramuscular injections consisted of 5 ml 
potassium alum serum precipitate in each leg. 
The 2nd injection 2 weeks later consisted of 
10 ml of precipitate into one leg. The 3rd in- 
jection, four weeks after the Ist, was 10 ml 
into one leg. Following a one-month rest, 10 
ml whole serum was injected subcutaneously 
in the region of the back. One week follow- 
ing this injection, the animals were bled from 
the jugular vein. Globulins were prepared by 
repeated precipitation with half saturated 
ammonium sulfate and were dialyzed against 
BS. The protein content of this preparation 
was adjusted to a concentration of 1.5 g/% 
for subsequent fluorescein conjugation by the 
technics of Coons and Kaplan(7).* Finished 
conjugates were twice precipitated with am- 
monium sulfate and finally dialyzed against 
BS. Fluorescent microscopy was accom- 


plished by use of Leitz and Reichert ultra- 
violet light assemblies and the appropriate fil- 
ters. Microscopic observations were made 
using darkfield condensers and 4 mm. dry ob- 
jective. 

Test Procedure, Method A. T.p. suspen- 
sions demonstrating 2-10 organisms/H.P. mi- 
croscopic field were used for slide prepara- 
tions. Freshly extracted T.p. suspensions, or 
suspensions held in a refrigerator at 4°C with- 
out added preservative, were used with equal 
results. Smears were prepared on 3 x 1 inch 
microscope slides. A diamond point stylus 
was used to cut circles which would identify 
smear areas for later observations. A drop of 
T.p. suspension (antigen) consisting of ap- 
proximately 0.01 ml was formed into a cir- 
cular smear of about 10 mm diameter. Slides 
were air dried and gently fixed with heat. 
Approximately 0.03 ml of 1-5 dilution of se- 
rum (heated at 56°C for 30 minutes) was 
placed on each smear and spread in a circu- 
lar fashion. Loss of moisture by evaporation 
was prevented by covering the slides with 
large Petri dish tops containing moistened fil- 
ter paper. Smears were allowed to be in con- 
tact with serums for 30 minutes, at which 
time they were carefully rinsed with BS and 
were then allowed to stand in BS for 10 min- 
utes. Excess moisture was drained from 
slides and smears were gently blotted. Fluor- 
escein labeled GAH diluted 1-3, or GAR 
diluted 1-5 was placed on the smears in the 
same amount and manner described for se- 
rums. Slides were protected with a Petri plate 
as before for 30 minutes. At the end of this 
period, slides were washed and soaked for 10 
minutes as previously described. Following 
this treatment, slides were carefully wiped 
free of moisture, but only the excess moisture 
was removed by shaking. A very small drop 
of mounting mixture consisting of one part 


* The authors wish to express their appreciation to 
Dr. Morris Goldman, Laboratory Branch, CDC, for 
preparation of fluorescein conjugates used. Fluores- 
cein amine was prepared by Mr. I. Green. 
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TABLE IL. Rabbit Experiment Illustrating Comparative Test Results. 


So) KoveaO ess —<<——$$—$ > 


Fluorescent 


antibody 
Rabbit No.TP Days after methods P if 
No. inoculated inoculation A B ha 2f TPCF VDRUslide 
p 631 104 0 — = — — = 
14 = re! st eas = 
35 — — = — — 
42 — — a — — 
49 — WR — R — 
64 — R — R — 
112 — R — R — 
630 10? 0 — = a = 
14 — — a — — 
35 — — — WR WR 
42 — WR — WR WR 
49 — R — R R 
64 WR R — R R 
112 R R WR R R 
M12 108 0 == as = on = 
7 — as = we oo 
14 -- WR — — — 
21 -- R = R R 
49 WR R R R R 
64 R R R R R 
R = reactive; WR = weakly reactive; — = (NR) nonreactive. 


buffered saline pH 7.2 and nine parts C.P. 
glycerine was placed on each smear, and the 
slide preparation was completed by placing 
a cover glass on the mounting medium. Con- 
trols consisted of mounted untreated T.p. 
smears, T.p. stained only with labeled GAH 
or GAR, and with known normal and syphil- 
itic serums. Slides were examined immedi- 
ately after preparation, but were stored at 
4°C for several weeks for later reference. 
Test Procedure, Method B. This method was 
in every respect similar to Method A except 
that slides were placed on a mechanical ro- 
tator at 160 rpm during the 30 minute periods 
that the treponemes were exposed to the se- 
rum dilutions and the fluorescein labeled 
globulin preparations. 

Reading of test controls and serums. All 
smear preparations were examined by regular 
darkfield illumination and by means of fil- 
tered light from a high pressure mercury va- 
por bulb. Properly prepared untreated 
smears demonstrated well defined T.p. when 
visible illumination was used. The same field 
gave negative results when viewed with ultra- 
violet light (UV). Smears treated with la- 
beled GAH or GAR only, or those treated 
with normal serums followed by treatment 


with fluorescein labeled preparations, demon- 
strated characteristics similar to those of un- 
treated smears. Smears which had _ been 
treated with human or rabbit serums contain- 
ing treponemal antibodies revealed fluores- 
cent T.p. following the application of GAH or 
GAR. Positive reactions were observed to 
vary from strong to weak fluorescence. Re- 
sults obtained by the fluorescent treponemal 
antibody test (FTAT) from syphilitic rab- 
bits are illustrated in Table I. Findings ob- 
tained by means of other treponemal test pro- 
cedures are also recorded for comparative pur- 
poses. The VDRL Slide test(8) results are 
listed as an example of reactions obtainable 
by a nontreponemal test. As will be observed, 
the reactions recorded for FTAT Method A 
are in only slight agreement with either FTAT 
Method B or the other test procedures. It 
will also be noted that more reactions were 
obtained by Method B than by Method A. 
Since rotation of slides is the only difference 
between these methods, it appears that this 
may account for the marked intensification of 
fluorescent tagging by this procedure. 
Discussion. It is evident from the experi- 
mental results presented that the use of in- 
tact T.p. as an antigen and fluorescein labeled 
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TABLE II. Examples of Testing Discrepancies 
with Human Serums. 
Serologic tests 
FAST* 

Serum method VDRL 
No. SA AREAL TPCE slide 
1456 R R R R 
1457 R R R R 
1459 R R R WR 
1468 — — WR WR 
1378 WR R WR — 
1477 R — R = 
1498 R = ACt = 
1501 R R AC — 
1503 R — AC R 
1512 R R WR R 
2013t R incl.§ R R 
2028t — —_ AC WR 
20604 R R R R 
2062+ R R R R 

R — reactive; WR — weakly reactive; — = 


(NR) nonreactive. 

* Fluorescent Antibody Slide Test Method B. 

+ Anticomplementary. 

+ Serums demonstrated inconclusive (inel.) re- 
sults in the TPI test before penicillinase treat- 
ment. 

§ Control shows TP toxicity even after penicil- 
linase treatment. 


antiglobulin as an indicator of treponemal 
antibody coupling is a wholly feasible pro- 
cedure. In the rabbit inoculation experiment, 
Table I, Method B appears to follow the 
course of immunologic response to T.p. infec- 
tion in an acceptable manner. Method B and 
the TPCF test are apparently similar in re- 
spect to sensitivity, whereas Method A and 
the TPI procedure gave comparable results. 
The reactivity of Method B is further illus- 
trated in Table II in which the results ob- 
tained by the 3 T.p. test procedures on hu- 
man serums are compared. The serums in this 
series were selected to illustrate various 
combinations of reactivity found in a much 
larger group of serums tested. Reactivity in 
only one of the three T.p. tests is illustrated 
by serum No. 1468. Serums No. 1498 and 
1503 were found to be reactive only by the 
FTAT Method B. Serums No. 2013, 2028, 
2060 and 2062 were selected to illustrate that 
the FTAT Method B may demonstrate reac- 
tive results when the other T.p. tests have 
yielded inconclusive findings. It should be 
noted that specimens found to be anticom- 
plementary in the TPCF test and inconclusive 
in the TPI test, due to penicillin or unknown 


toxic factors, may yield positive findings in 
the fluorescent antibody procedure. 

In consideration of the practical application 
of the fluorescent treponemal antibody test 
Method B to syphilis serology, it must be 
emphasized that the specificity of the reaction 
has not yet been determined in terms of hu- 
man disease. Such an evaluation is currently 
under consideration. It is evident, however, 
that syphilis infection in the rabbit gives rise 
to an antibody or antibodies that may be de- 
tected by fluorescent antibody testing. As 
previously mentioned, the fluorescent anti- 
body testing procedure herein described com- 
pares favorably with the TPCF test in terms 
of sensitivity, and appears to be considerably 
more sensitive than the TPI procedure. If 
the reaction obtained by the fluorescent anti- 
body testing method should prove to be ade- 
quately specific, several other important fac- 
tors would recommend the method as a pos- 
sible laboratory procedure. Among these may 
be included the following: the procedure is 
not as expensive as some T.p. tests, and ma- 
terials can be made available from commer- 
cial sources: the actual reading of an individ- 
ual test consumes approximately one minute 
and the entire test can be completed in about 
one hour: slides may be examined at a con- 
venient time and filed for future reference un- 
der refrigeration (4°C) for several weeks. As 
previously stated, the validity of results ob- 
tained with the fluorescent antibody test in 
terms of human infection must await more 
complete documentation. Therefore, it is too 
early to speculate on the immunological sig- 
nificance of the antibodies detected by this 
means. 

Summary. 1. A technic for the use of 
fluorescein labeled antiglobulin as an indi- 
cator of treponemal antibody is described. 2. 
The effect of rotation as an intensifier of fluor- 
escent antibody reactions is determined. 3. 
Results obtained with fluorescent antibody 
tests on syphilitic rabbits are compared with 
results of other treponemal and nontrepone- 
mal tests. 4. Serological discrepancies ob- 
tained with fluorescent antibody and several 
other tests on human serums are presented. 


Addendum. Since this article was offered for pub- 
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lication it has been found that extraction of trepo- 
neme smears with acetone for 15 minutes prior to 
use of serum reduces background fluorescence so is a 
preferred method. 
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Paroxysmal Nocturnal Hemoglobinuria. Evidence of Defect of Red Cell 


Stroma Manifested by Abnormalities of Lipids. 


(23513) 


Joun I. MuNN AND WILLIAM H. Crossy 
Department of Hematology, Walter Reed Army Inst. of Research, Washington, D.C. 


Paroxysmal nocturnal hemoglobinuria 
(PNH) may be a manifestation or symptom 
of a chronic hemolytic anemia characterized 
by an abnormality of the red blood cell which 
renders it susceptible to hemolysis by the ac- 
tion of the “properdin system.” The compon- 
er:ts of this system are normal constituents of 
the plasma namely properdin, Mg** and co- 
factors resembling complement(1). The sys- 
tem apparently is not active at all against 
normal human red cells. A great amount of 
work has been done to study and define the 
plasma factors of the PNH hemolytic system, 
but the erythrocyte which carries the pathog- 
nomonic defect has received little attention 
except as an indicator of the reactions of the 
plasma factors. It has been accepted that the 
PNH erythrocyte is faultily constituted, but 
the nature of fault is unknown(2). The 
hemoglobin has a normal solubility and elec- 
trophoretic mobility. It has been suggested 
that the defect resides in the red cell stroma 
or in the metabolic machinery that maintains 
the stroma throughout the life span of the 
cell. The present study was undertaken to 
learn whether or not the stromal lipids of the 
PNH erythrocyte are different from those of 
normal red cells. 

Materials and methods. The blood for 
these determinations was obtained from 2 pa- 
tients with classical history and signs of PNH. 
Patient A has been known to have the disease 
since 1939. During the past 10 years he has 


gradually improved until at present he shows 
no evidence of hemolytic disease or anemia. 
His red cells, though giving the characteristic 
reactions in vitro, survive normally when trans- 
fused into the patient or a normal recipient. 
Patient B has a serious hemolytic disease, with 
anemia and hemoglobinuria, and 15 per cent 
of his red cells are reticulocytes. Control 
studies were done on the red cells of 14 normal 
adults. The lipid analyses were performed on 
the washed red cells. The details of the pro- 
cedure are the subject of a separate report. 
In brief, the lipids were extracted by boiling 
ethanol-ether and the analysis was carried out 
under nitrogen. Total fatty acids were deter- 
mined by weighing. Saturated fatty acids 
were precipitated as the lead salts and weighed 
(3,4). Polyethenoid fatty acids were measured 
by the alkali-isomerization technic of Herb 
and Riemenschneider(5,6). Oleic acid was 
computed to be the difference between tthe to- 
tal fatty acids and the sum of the saturated 
and polyethenoid acids. Iodine number was 
determined by the Yasuda _ procedure(7). 
Cholesterol was determined by a standard 
method(8,9). Recovery experiments and par- 
allel and segmental analyses on red blood cells 
from the same patient permit a high degree of 
confidence in the methods and results. The 
mean corpuscular area was determined by the 
photomicrography of fresh red cells in roul- 
eaux by an original method which gives a high 
degree of accuracy. Mean corpuscular volume 
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TABLE I. Red Cell Lipids from 2 Patients with 
PNH Related to Cell Surface Area and Compared 
with Values from 14 Normal Patients. 


, Normal Normal —— PNH—~ 
ranges avg CaseA Case B 

Cell vol (u*) 74-92 82 105 80 
Surface area 128-144 3o 160 150 

(u") 

Fatty acids 

Todine No. 99-126 112 175 121 
Total fatty acids 
mg/ml cells 1.2—2.2 IY I iL 
mg/10™/ 74-135 105 79 91 
Unsaturated F.A. 
Linoleic 

(% total) 4.47.3 oil 8.6 Biz 

(mg 1074/y2) 4-9 6 7 5 
Linolenie¢ 

(% total) 0 0 0 

(mg 10-“/p") 0 0 0 
Arachidonic 

(% total) 14.8-19.4 fall 22.9 22.2 

Qng 10-/,?) 11-24 18 18 20 
Pentaenoi¢ 

(% total) 2.7-4.4 3.6 5.8 4.6 

(mg 107*/p") 2-5 4 4 4 
Hexaenoie 

(% total) 2.1-6.1 3.8 5.2 5.4 

(mg 1074/u") 2-8 4 4 5 
Total polyethe- 

noid 

(% total) 24,0-37.2 30.2 42.5 37.4 

(mg 10/p") 19-46 32 33 34 
Oleic (% total) 41.8—57.5 48.2 39.9 29.8 

(mg 10/7) 34-60 50 32 27 
Saturated F.A. 

(% total) 13.5-28.1 22.5 WAS) 32.8 

(mg 10-/u") 14-31 23 14 30 
Free cholesterol 

(mg %) 117-158 132 143 152 

(mg 10-/y") 79-99 80 92 81 


was computed from these same measurements. 
The mean corpuscular lipid was related to the 
surface area because most if not all of the 
lipids are found at the surface of the red cell 
(10). 

Results. (Table I). Abnormalities were 
found in the red cells of both patients: an in- 
crease in the concentration of arachidonic, 
pentaenoic and total polyethenoid fatty acids 
and a decrease in the concentration of oleic 
and total fatty acids. There were differences 
between cases A and B. InA the linoleic acid 
and the iodine number were high, in B they 
In A the saturated fatty acids 
In both 


were normal. 
were normal, in B they were high. 
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cases the unesterified cholesterol was normal 
as was the concefitration of the hexaenoic 
acids. 


Both patients had macrocytosis and the 
surface area of the red cells was well beyond 
the normal range. When the abnormalities of 
the fatty acids are related to the surface area 
a different picture is obtained. The amount of 
fatty acid per p> of surface is abnormally low 
because of the great surface area. Those 
highly unsaturated fatty acids which were 
found to be increased (arachidonic and pen- 
taenoic) have normal values when computed 
in terms of mg per 2 of surface. The same is 
true for the saturated fatty acids in case B, 
but they are low in case A. Oleic acid which 
in both cases was low in terms of total amount 
is lower still when expressed as mg per py” of 
surface. 

Discussion. The fatty acids of normal red 
cells are concentrated at the surface in an 
amount sufficient to permit a bimolecular lay- 
er(10). The red cell fatty acids are structural 
in function and are probably present as com- 
ponents of the stromal lipoprotein. In PNH 
red cells the concentration of the total fatty 
acids is somewhat low but it lies within the 
normal range. However, the composition of 
the total is abnormal. The ratio of arachidonic 
and pentaenoic acids is high, and the total as 
well as the ratio of oleic acid is low. This 
means that the lipoproteins of the surface of 
the PNH red cell have different components 
from those of normal red cells. Whether or 
not this difference is related to the “PNH le- 
sion” is not known. 

The red cells of the 2 PNH patients differed 
from one another in at least 2 ways. The cells 
of patient B were more susceptible to the 
PNH hemolytic system, both in vivo and in 
vitro. ‘Therefore the PNH lesion in case B 
may be said to have been more severe. The 
second difference is a consequence of the first. 
The red cells of patient B were much younger 
than those of patient A. Patient B had a 
severe hemolytic disease and his cells were 
rapidly turned over. They are estimated to 
have had an average age of less than 10 days. 
Patient A had cells that survived normally 
and their average age is estimated to have 
been 60 days. Lipid analyses of red cells in 
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other hemolytic anemias and in anemia due 
to hemorrhage have shown that young red 
cells are characteristically different from ma- 
ture cells. The concentration of total fatty 
acids related to the surface of normal cells 
is the same in both, but the younger cells have 
a relatively high amount of saturated fatty 
acids. In comparing the 2 cases of PNH the 
outstanding difference is in the amount of sat- 
urated fatty acid. It is at the top of the 
normal range in case B, and at the bottom in 
case A. The difference is one that might be 
due to the ages of the cells rather than the 
severity of the PNH lesions. 

Summary. The extracted lipids from the 
red cells of 2 patients were analyzed for chol- 
esterol, unsaturated and saturated fatty acids. 
The ratios of the various lipids were estab- 
lished and the values were related to the total 
lipids and also to the surface area of the red 
cells. Compared with normal red cells the 
PNH cells showed an increased concentration 
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of arachidonic and pentaenoic acids and a de- 
creased concentration of oleic acid. These re- 
sults suggest that the lipid pattern of the lipo- 
proteins in the stroma of PNH cells is ab- 
normal. 
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Hypothermic Effect of Chlorpromazine, Histamine and Serotonin, and 


Acclimatization to Cold. 


(23514) 


J. LEBLANC AND F. RosENBERG (Introduced by F. N. Craig) 
Applied Physiology Branch, U. S. Army Chemical Warfare Laboratories, Army Chemical Center, Md. 


Recent studies have shown serotonin and 
histamine to be some of the products of secre- 
tion of mast cells(1). We have reported 
definite changes in the appearance and abun- 
dance of these cells in animals exposed to low 
temperatures(2). Since chlorpromazine is be- 
lieved to be a “serotonin liberator’’(3), its ef- 
fect was tested in animals which had been ex- 
posed to cold for varied periods of time. Simi- 
larly the effect of cold acclimatization on the 
body temperature response to serotonin and 
histamine was investigated. 

Methods. Each group of animals was com- 
posed of 8 male rats weighing approximately 
150 g. All injections were intraperitoneal in 
a 1% solution. In the first experiment 4 
groups, after being exposed to cold (6°C) for 
0, 1, 7 and 28 days respectively, were main- 
tained at 21°C for 1 day and were then given 
an injection of 10 mg/kg chlorpromazine. In 


a second experiment 2 groups exposed to cold 
(6°C) for 0 and 28 days were injected simul- 
taneously with 100 mg/kg of histamine phos- 
phate and 2 mg/kg of serotonin. Immedi- 
ately following these 2 injections, 4 doses of 
2 mg/kg of serotonin were injected at 5 min- 
ute intervals. In a third experiment with 2 
groups exposed to cold (6°C) for 0 and 24 
days, 5 doses of 32.4 mg/rat of histamine 
phosphate, were injected at 1% hour intervals. 
The body temperature was measured with 
a thermocouple inserted at a depth of 40 mm. 

Results. Fig. 1 shows that the intensity and 
duration of the hypothermic effect of chlor- 
promazine is greatly decreased by pre-expos- 
ing animals to cold for 7 and 28 days. No 
attempt was made to quantitate the chlorpro- 
mazine effect in terms of serotonin and hista- 
mine response. However, as shown in Fig. 1, 
the effect of acclimatization on the body tem- 
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CHLORPROMAZINE 


Viper) : 
o I STANDARD ERROR 
> X: CONTROL GROUP 
= ee 
:7- -6°C 
< 32 O: 28-DAYS AT 6° C 
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iS 4 | Et 
O | 2 3 4 HOURS 
FIG. 1. Rectal temperature of rats previously ex- 


posed to cold, measured at 21°C following injections 
of chlorpromazine, histamine and serotonin. 


perature response to histamine alone or com- 
bined with serotonin is qualitatively the same 
as the one observed with chlorpromazine. 
With the dose of chlorpromazine employed all 
control animals were unable to stand on their 
4 legs, whereas the cold acclimatized animals 
(7 and 28 days) were able to walk. 
Discussion. If the depressing effect of chlor- 
promazine on body temperature were due to 
a release of histamine and serotonin from mast 
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cells, the alleviating effect of acclimatization 
would be caused by a decreased secretion of 
these substances, a diminished response of the 
organism to them, or by a combination of 
these 2 conditions. Since the effect of sero- 
tonin and histamine injections is also allevi- 
ated by acclimatization, it would seem then 
that the diminished response of the organism 
to these hypothermic substances is an impor- 
tant reason for the observed loss of hypother- 
mic effect of chlorpromazine after cold ac- 
climatization. Decreased endogenous produc- 
tion of serotonin and histamine is not ex- 
cluded, but may not be needed to explain the 
effect of cold acclimatization on chlorproma- 
zine. In conjunction with this it is interesting 
to note that in a recent study we have shown 
that mast cells, except in the extremities, in- 
crease in number in acclimatized animals(2). 
This result could indicate that a sufficient 
amount of serotonin and histamine is avail- 
able in acclimatized animals to allow the hy- 
pothermic effect of chlorpromazine to take 
place. 

Summary. The hypothermic effect of chlor- 
promazine, serotonin and histamine was in- 
vestigated in rats at 21°C after acclimatiza- 
tion at 6°C for 1 to 28 days. The response to 
chlorpromazine was greatly reduced in ani- 
mals acclimatized to cold for 7 and 28 days. 
Similarly, the fall in body temperature ob- 
served with serotonin and histamine was not 
as pronounced in acclimatized as in control 
animals. 
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Free Living Amoebae as Contaminants in Monkey Kidney Tissue Culture. 


(23515) 


W. G. Jaunes, Harotp M. Futimer, AND C. P. Li 
Laboratory of Viral Products, Division of Biologics Standards, and Natl. Inst. of Dental Research, 
N.1.H.,* Bethesda, Md. 


During routine use of trypsinized monkey 
kidney tissue culture for viral research, “‘spon- 
taneous” contamination of the tissue culture 
(TC) with a free living amoeba occurred 
twice in 1956 in our laboratory. Such a rare 
contamination, to the best of our knowledge, 
has never been reported. The isolation and 
the characteristics of the organism in TC are 
described in this paper. 

Materials and methods. Tissue culture. 
Primary cultures of trypsinized monkey kid- 
ney cells were prepared by the method of Dul- 
becco and Vogt(1) as modified(2) by Young- 
ner. Serial passage cultures of HeLa cells, 
Chang’s liver cells and bovine kidney cells(3) 
were purchased from Microbiological Asso- 
ciates, Inc. Primary cultures of human am- 
nion cells were kindly provided by Dr. Ken- 
neth Takemoto(4) and a serial passage cul- 
ture of human skin cells was obtained from 
Dr. Wilton R. Earle(5). Primary cultures of 
trypsinized chick embryo cells and rabbit kid- 
ney cells were prepared in a manner similar 
to the monkey kidney tissue culture. All these 
cell lines were cultured in roller tubes. The 
media used for these cell lines were either 
Eagle’s basal medium with i-inositol(6,7) or 
Medium 199, except for monkey kidney cells, 
for which 0.5% lactalbumin hydrolysate in 
Hanks’ balanced salt solution was used(8). 
Two per cent calf serum was added to all the 
media. For passage usually 0.2 ml of TC fluid 
containing the amoebic cysts or both cysts 
and trophozoites was transferred to each cul- 
ture tube containing 1.8 ml of medium. In- 
fected tissue cultures kept either stationary 
or in a rotating drum were incubated at 35°C. 
Photography. Photographs of unstained 
specimens were taken from the roller tubes. 
For stained specimens, the amoebae were 
propagated in TC on cover slips lying on the 
flat wall of Leighton tubes. After incubation 


the medium was poured off, 10% formalin 
was poured into the tube for fixation, and 
then the cover slip was removed for staining. 

Results. Isolation of the Amoebae. Two 
strains of apparently the same amoeba were 
isolated from monkey kidney tissue cultures 
which showed cellular degeneration spontane- 
ously on routine microscopic examination. 
Subcultures were made on monkey kidney 
tissue cultures and the same phenomenon was 
noted. Under low power (30X) microscopic 
examination, rounded bodies were observed, 
which were similar in appearance to cells 
manifesting changes induced by certain si- 
mian viruses (Fig. 1). When the specimen 
was examined under higher magnification 
(150X) these round bodies appeared not to 
be cells but cysts (Fig. 1), some of which 
were found to be intracellular. A hanging 
drop preparation was made on a slide from 
the TC fluid and examined microscopically 
with high magnification (450X). Moving 
amoebae were found and identified as free 
living amoebae belonging to the genus Acan- 
thameba.t 

Culture characteristics. The amoebae mul- 
tiplied very well in cultures of HeLa cells, 
Chang’s liver cells, human amnion cells, hu- 
man skin cells, chick embryo cells, beef kid- 
ney cells, rabbit kidney cells and monkey kid- 
ney cells. Monkey kidney cells were least 
susceptible, while HeLa cells and chick em- 
bryo cells were most susceptible. After in- 
oculation with the amoebae, the various cell 
lines did not undergo any specific degenera- 
tion that we could see. They became granu- 
lar and gradually disintegrated and disap- 
peared. When the cysts were inoculated into 
monkey kidney tissue culture, trophozoites 
were not seen until 5 to 8 days after inocula- 
tion. In cultures of HeLa cells or chick em- 
bryo cells, trophozoites were found 24 hours 
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the cysts in the TC fluids, there were usually 
200,000 or more amzoebae per 1.0 ml. One 
strain was transferred consecutively in mon- 
key kidney tissue culture for 16 passages, and 
the other strain for 12 passages. Both strains 
were transferred in HeLa cells for more than 
10 passages. 

In some experiments 10-fold serial dilutions 
were made from the monkey kidney tissue cul- 
ture fluid containing the amoebae, and the 
dilutions were inoculated into fresh monkey 
kidney tissue culture tubes, which were ex- 
amined from day to day for presence of cysts 
and trophozoites. As shown in Table I, cysts 
appeared first, and they were gradually re- 
placed by trophozoites. Toward the end of 
the observation period, as the tissue cells were 
all destroyed, all the trophozoites again be- 
came encysted. 

In the monkey kidney tissue culture the 
cysts were found both outside and inside of 


- pe eee 2 . 1 ee the cells. In the cells they were found in the 
FIG. 1. Free living amoebae in monkey kidney tissue cytoplasm usually pushing the nucleus of the 
culture, early stage, showing cysts. 90. cell to the side (Fig. 2). From 1 to 28 cysts 


could be found in a single cell. In HeLa cells 


after inoculation, and the cells were destroyed : : : 
; J or chick embryo cells, intracellular amoebic 


in 24 to 48 hours. The sensitivity of the cells 
also depended on the age of the cells and the 
size of the inoculum. Older cells were more 
susceptible. Various culture media including 
Eagle’s basal medium, Medium 199, and lac- 
talbumin hydrolysate medium were used for 
cultivation and no difference was observed. 
The amoebae did not multiply in the absence 
of cells regardless of the media used. (When 
the TC fluid containing the amoebae was 
poured into boiled tap water to which rice 
powder was added and in which bacteria were 
present, the amoebae multiplied therein.) ! 
The usual titer for cytotoxic changes in TC 


FIG. 2. Free living amoebae in monkey kidney cul- 
- ; ture, stained with azure eosin, showing wall of in- 
was 10¢ or 10° per 1.0 ml. By direct counts of tracellular cysts. X 840. 


TABLE I. Multiplication of a Free Living Amoeba in Monkey Kidney Tissue Culture. 


Observation of cysts and/or trophozoites on different days after inoculation 


Concho nL Gn Oa, 8 rc SN i NG—=—\ te 20 

fluidinoe. Oy ‘Tr Cran cmenC yaa se Cy apie (ON abs Cay Ne Cy athe 
iS Se ay aay ce Re ey ee eg ae ea atc 
10% i Sa HE HP Got ZO eee TSU os OR aa eas aati oc a De 
10 Hes 5 de geste IL Se Se SaaS SE eae is Vega ME CRO SH lees 
10“ Ee i aut aE A aes te aol pe (ic CE Ce 
1 Be ee ee ae el a serie arbor eh ee 
+, ++, ete., indicate relative No. of amoebae found. — = amoebae not found. + = questionably 

found. 


Cy = amoebie cysts. Tr = trophozoites. 
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cysts were occasionally found. The cyst had 
a heavy double wall, the inner one rugose. 
The cytoplasm of the cyst was granular. No 
nucleus of the cyst could be seen when it was 
examined in TC tubes. The cyst varied in 
size, usually from 10 to 21 in diameter, as 
measured from material taken from the mon- 
key kidney tissue culture. 

In one of the experiments the cysts were 
treated with 10% formalin and were then 
washed and inoculated into monkey kidney 
tissue culture tubes. These cysts could be 
found inside the cells. This observation sug- 
gested that the monkey kidney cells could 
phagocytize the cysts. 


The trophozoites varied from 7 x 12 to 16 
x 43 » in diameter. They were sluggish in 
movement. A trophozoite produced many 
small pseudopodia. Many granules and food 
vacuoles were found in the cytoplasm with 
one or more contractile vacuoles. A contrac- 
tile vacuole appeared when the amoeba was 
put into tap water and examined in hanging 
drop preparations microscopically. This was 
the chief reason why it was identified as a 
free living amoeba. Intracellular trophozoites 
were not observed. 

Stability. The trophozoites were very sen- 
sitive to temperature. As soon as they were 
placed in the refrigerator at 4°C they became 
encysted. The cysts were very resistant to 
low temperatures. Culture fluids containing 
the cysts kept at -50°C for 8 months still 
yielded trophozoites when inoculated into TC 
tubes, although the titer was greatly reduced. 
The amoebae remained viable in the pH range 
5.0-9.0 and were not affected by streptomycin 
and penicillin in TC. 

Filtration experiment. Fluids of monkey 
kidney tissue culture and chick embryo tissue 
culture containing the cysts and trophozoites 
were filtered through an ultra-fine sintered 
glass filter or a S-3 Seitz filter. Ten-fold se- 
rial dilutions were made from the filtrate, and 
the dilutions, from 10° to 107, were inocu- 
lated into monkey kidney tissue culture tubes 
and HeLa cell TC tubes. No cytopathogeni- 
city or amoebae were found after seven or 
more days of incubation. The unfiltered fluid 
yielded positive cultures of amoebae at the 
concentration of 10°. These experiments are 
evidence that a virus was not present together 
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with the amoebae. 

Mixed infection of the amoebae and polio- 
virus in tissue culture. Monkey kidney tissue | 
culture and chick embryo tissue culture were | 
infected with both the amoebae and type 3 
poliovirus. There was no significant influence | 
of the presence of one on the growth of the 
other. The infection of the cultures with 
amoebae did not make chick embryo cells sus- 
ceptible to the poliomyelitis virus. The amoe- 
bic cysts also failed to support the growth of 
the poliomyelitis virus. 


Staining reactions of the amoebae. The 
staining reactions of the amoebae were quite 
variable in both cystic and trophozoite stages. 
There was also great variability in staining 
coincident with intermedate stages between 
encystment and decystment. 

Cysts. Typical cysts were very difficult to 
stain with any of the common stains such as 
azure eosin or hematoxylin (iron or alum), 
frequently remaining unstained. However, 
very good staining could be effected with the 
Bauer reaction(9) whereby the entire cyst 
stained red. They usually stained red or pink 
with the periodic acid-Schiff reaction, thereby 
indicating carbohydrate. They were yellow 
or unstained with the Van Gieson stain. The 
dinitrofluorobenzene H-acid method(10) for 
proteins stained the entire cyst red. 

Trophozoites. With azure eosin, the karyo- 
some and nuclear membrane stained blue and 
the nucleus faint blue. The cytoplasm stained 
a moderate irregular blue throughout because 
of numerous vacuoles and granules. Some of 
these granules stained with phosphotungstic 
acid hematoxylin (Fig. 3), Hale(9) periodic 
acid-Schiff (Fig. 4), dinitrofluorobenzene H- 
acid (Fig. 5) and oil red 0. It is apparent 
therefore that some of these granules contain 
protein, fat or carbohydrate. The oil red 0 
method(9) also demonstrated fine droplets of 
fat on the trophozoite limiting cytoplasmic 
membrane. 

Discussion. These observations reveal the 
adaptability of TC and its allied technics for 
the culture and study of certain amoebae. 
Shaffer and Sienkiewicz(11) and Shaffer (12) 
developed a method using chick embryo tis- 
sues suspended in TC nutrient fluid for cul- 
tivation of Endamoeba histolytica. Baern- 
stein, Rees and Bartgis(13) grew E. histoly- 
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FIG. 3. Cyst and trophozoite-like forms of free liv- 
ing amoebae stained with phosphotungstic acid- 
hematoxylin. In stages that appear to be intermedi- 
ate between cysts and trophozoites, some granules 
stain with phosphotungstic acid-hematoxylin and 
others do not. Cysts are usually unstained. X 1935. 


tica in a suspension of fine particles from 
chick embryo homogenate. In the present 
study the amoebae grew very well in a TC 
system which was simple and free from bac- 
teria. It is interesting to note that the amoe- 
bae failed to grow in Eagle’s basal medium or 
Medium 199 which supported the growth of 
mammalian cells. The finding of amoebic 
cysts inside the cells suggests that further 
studies in vitro might throw new light on the 
interaction between the amoebae and the host 
cell. The cytolytic effect of the amoebae in 
HeLa cells offers another potential oncolytic 
agent for possible trial 7m vivo. 

Summary. Two strains of apparently the 


FIG. 4. Trophozoites of free living amoebae stained 

with periodic acid-Schiff and Mayer’s hematoxylin. 

The cytoplasm is generally reactive for carbohydrate 
throughout. % 1650. 
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Trophozoite of free living amoebae stained 
dinitrofluorobenzene H-acid method for pro- 
The cytoplasmic granules, karyosome and 
nucleus are strongly reactive. % 1800. 
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same free living amoebae were found to be 
spontaneous contaminants in monkey kidney 
tissue culture. The TC technic proved to be 
a suitable method for cultivation of the amoe- 
bae in the absence of bacteria. Pure cultures 
of the amoeba were obtained in many cell 
lines. Both cysts and trophozoites were found 
in TC. In monkey kidney tissue culture, 
cysts were often found in the cytoplasm of the 
cells. One strain was subjected to 16 consec- 
utive passages in monkey kidney tissue cul- 
ture while the other had 12. The average 
CPE titer of the TC fluid was 10* to 10° 
per 1.0 ml. The cysts in the TC fluid sur- 
vived at —50°C for eight months, although 
the titer was greatly reduced. 
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Detection of Incomplete Enterobacterial Antibodies in Cord Blood 


by Means of Antiglobulin Hemagglutination Test.* 


(23516) 


ERWIN NETER 
Statler Research Laboratories and Department of Pediatrics, Children’s Hospital and Departments 
of Pediatrics and Bacteriology, University of Buffalo School of Medicine, Buffalo, N. Y. 


The passive transfer of antibodies through 
the placenta from the mother to the fetus de- 
pends upon two main factors, namely, the 
structure and function of the placenta and the 
characteristics of the antibody. In some ani- 
mal species, notably rodents, apes, and man, 
certain antibodies readily pass the placental 
barrier. In other species, such as the pig and 
ruminants, placental transmission does not 
take place, but antibodies are transferred to 
the offspring through colostrum. The role of 
the antibody molecule in the transmission 
through the placenta is illustrated by the fact 
that, for as yet poorly understood reasons, in- 
complete Rh antibodies pass ithe human pla- 
centa far more readily than complete anti- 
bodies of identical serologic specificity. Re- 
cently, it was shown by means of the indirect 
bacterial hemagglutination test, which is con- 
siderably more sensitive than the conventional 
bacterial agglutination method, that antibod- 
ies against the somatic (O) antigens of entero- 
pathogenic Escherichia coli are not quantita- 
tively transferred from mother to newborn in- 
fant. In a series of 26 cord blood specimens 
antibodies could be demonstrated in only 3, al- 
though the maternal serum of all contained 
such antibodies(1). Similarly, Stulberg and 
associates(2) found 77% of 45 cord serum 
specimens lacking in such antibodies. Fur- 
ther, when antibodies were present in cord 
blood, their titer was substantially lower than 
that of the corresponding maternal antibodies. 
The possibility was considered that incomplete 
antibodies to enterobacteriaceae may pass the 


* Study aided by research grant from Natl. Inst. 
of Allergy, U. S. Public Health Service. 


human placenta, provided that the mother has 
such antibodies. Weil and Felsen(3) demon- 
strated incomplete Shigella flexneri agglutin- 
ins in approximately half of 30 human sera by 
combining the conventional bacterial aggluti- 
nation method with the antiglobuiin technic. 
To determine whether the hypothesis just 
mentioned is correct, maternal and cord serum 
specimens were examined by means of a hem- 
agglutination-antiglobulin test for complete 
and incomplete enterobacterial antibodies. 


Material and methods. Fifty paired mater- 
nal and cord blood specimens from healthy in- 
dividuals were obtained through the coopera- 
tion of the Obstetrical Department of the 
Children’s Hospital. The serum specimens 
were stored in the deep freeze until used. Data 
on blood groups and Rh antibodies were avail- 
able. The hemagglutination test was carried 
out as described previously(4,5). As O anti- 
gens supernates of the following agar-grown 
cultures were employed: E£. coli, serogroups 
111 and 55, Shigella flexneri (2 freshly isolated 
and serologically different types), S. sonnei, 
Salmonella paratyphi B (group B), S. monte- 
video (group C,), S. muenchen-oregon (group 
Cy), and S. enteritidis (group D). These 
supernates (refrigerated centrifuge) were pre- 
pared from heated (1 hour 100°C) suspen- 
sions and were employed in a dilution of 1:10. 
Erythrocytes obtained from blood donors 
(blood group O, Rh negative) were washed 
3 times, treated with the antigens in a water- 
bath at 37°C for 30 minutes, and again washed 
three times. Serial two-fold dilutions of the 
sera (0.2 ml) were mixed with the modified 
red blood cell suspensions (0.2 ml). Non- 
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TABLE I. Enterobacterial Antibodies in 50 Cord Sera. 


% of positive sera 


Escherichia Shigella Salmonella 
Method of antibody coli flexneri sonnei group ~ 
demonstration a 55 a b B C, Cs D 
Bacterial agglutination 0 0 0 0 0) 0 0 0 0 
Hemagglutination 18 6 14 78 6 12 52 20 10 
Antiglobulin agglutination 30 28 24 14 22 30 18 46 30 
Idem & hemagglutination 48 34 sa 28 42 70 66 40 


modified red blood cells were employed as con- 
trols to eliminate erroneous results due to 
blood group antibodies. After incubation for 
30 minutes at 37°C in a waterbath the mix- 
tures were centrifuged at 1000 rpm for 1 
minute. The resulting hemagglutination was 
noted. After three washings antiglobulin 
(Coombs) serum (0.05 ml), procured on the 
open market, was then added to all tubes 
showing no hemagglutination. The tubes were 
centrifuged and the resulting hemagglutina- 
tion, indicative of incomplete antibodies, was 
recorded. 

Bacterial agglutination tests were carried 
out with the identical serum dilutions (0.5 
ml) used in hemagglutination tests. Heated 
suspensions (0.5 ml) of the same cultures were 
used. The mixtures were incubated in a water- 
bath at 50°C for 18 hours, and the resulting 
bacterial agglutination was read after centrifu- 
gation for 5 minutes at 1500 rpm(6). As dilu- 
ent phosphate hemagglutination buffer (Dif- 
co) was used in all tests. 

Results. Fifty cord serum specimens from 
healthy infants were examined for O anti- 
bodies to 9 representatives of enterobacteria- 
ceae by means of the conventional agglutina- 
tion, enterobacterial hemagglutination, and 
antiglobulin hemagglutination methods. Sera 
were considered positive if antibodies were 
demonstrated in a dilution of 1:5 or higher. 
The antiglobulin hemagglutination test was 
regarded as positive only if the hemagglutina- 
tion test itself was negative. The results are 
summarized in Table I. 

It is seen from this Table that (1) none of 
the sera contained agglutinins, (2) from 6 to 
78% yielded positive results in the hemagglu- 
tination ‘test, and (3) an additional 14 to 46% 
were positive for incomplete antibodies in the 
antiglobulin hemagglutination test. By com- 
bining the hemagglutination and antiglobulin 


hemagglutination tests a total of 28 to 92% 
of the serum specimens yielded positive re- 
sults. It is interesting to note that the per- 
centage of positive sera differs markedly with 
different antigens, either because of actual 
differences in antibody content or because of 
differences in sensitivity of the antigens used. 
Particularly striking is the high percentage of 
sera containing antibodies to one of the S. 
flexneri strains. 

Regarding the presence of incomplete en- 
terobacterial antibodies in maternal and cord 
serum specimens the following observations 
were made. The antiglobulin serum raised 
the antibody titer of maternal sera only 2-fold 
in 17 instances and caused no increase in the 
remaining 33. In contrast, the same antiglob- 
ulin serum caused four-fold and greater in- 
creases in 22% and 8-fold and greater increases 
in 10% of 50 cord sera. In several serum 
specimens the titer was increased from 32 to 
256 times. If one accepts a four-fold or great- 
er enhancement in the antibody titer by the 
antiglobulin serum as evidence for incomplete 
enterobacterial antibodies, then, it may be 
concluded that such antibodies are present in 
certain cord sera and cannot be demonstrated 
by the same technic in the corresponding ma- 
ternal sera. No difference was noted between 
cord sera with and without Rh antibodies. 

A comparison of the maternal and cord 
serum titers obtained with both hemaggluti- 
nation and antiglobulin hemagglutination tests 
revealed that with one single exception the 
maternal titers were higher than those of the 
cord sera. In the majority of instances the 
ratio was between 4:1 and 16:1. 

In order to determine the specificity of the 
antiglobulin hemagglutination method, ab- 
sorption experiments were carried out. Cord 
serum containing both S. sonnei and S. flexneri 
antibodies, demonstrable only by means of 
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antiglobulin serum, was absorbed with S. son- 
nei or S. flexneri antigens. Then, the ab- 
sorbed and non-absorbed serum was titrated 
with both antigens in the antiglobulin hem- 
agglutination test. It was found that absorp- 
tion with S. sonnei or S. flexneri antigens had 
removed the homologous but not the hetero- 
logous antibodies. Identical results were ob- 
tained in experiments with other cord serum 
specimens. It is evident, therefore, that the 
antiglobulin hemagglutination method detects 
antibodies which become attached specifically 
to erythrocytes modified by the homologous 
enterobacterial antigen. 

Discussion. The present study revealed 
that O antibodies to various enterobacteria- 
ceae can be demonstrated in some human cord 
sera by means of the hemagglutination test 
and thus extends previous observations re- 
garding hemagglutinins against enteropatho- 
genic serotypes of FE. coli. Since the conven- 
tional agglutination procedure yielded nega- 
tive results, this observation confirms the 
greater sensitivity of the hemagglutination 
method. It is evident also that the sera dif- 
fered markedly in their capacity to agglutinate 
red blood cells modified with different anti- 
gens. In the present series the high per- 
centage of cord serum specimens with anti- 
bodies against one of the S. flexneri strains is 
particularly noteworthy. It remains to be de- 
termined whether these data reflect exclusive- 
ly differences in antibody content or whether 
crude antigens prepared by the same method, 
as in the the present study, differ in sensitivity. 
In addition, the locality of the population may 
influence the antibody titers. 

Incomplete enterobacterial antibodies are 
considered here ‘to be present in cord sera if 
anti-human globulin serum enhances the se- 
rum titer obtained in the hemagglutination test 
at least 4-fold or produces a positive result 
when the latter test is negative. According to 
these criteria 22% of 50 cord sera contained 
incomplete enterobacterial antibodies against 
one or more antigens, but the corresponding 
maternal sera did not. These findings sug- 
gest the following hypothesis. Adult sera may 
contain both complete and incomplete entero- 
bacterial antibodies, but the titer of the latter 
does not materially exceed that of the former; 
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during pregnancy the incomplete antibodies 
pass the placental barrier more readily than 
do the complete antibodies. Additional stud- 
ies are needed to determine whether the anti- 
globulin bacterial agglutination method of 
Weil and Felsen(3) measures the same anti- 
bodies as the antiglobulin hemagglutination 
test used in the present study. One must keep 
in mind that minor modifications of a sero- 
logic method may substantially enhance its 
sensitivity; for example, centrifugation ren- 
ders the enterobacterial hemagglutination test 
considerably more sensitive. Therefore, the 
difference in titer between an agglutination 
procedure and the corresponding antiglobulin 
technic is not necessarily indicative of incom- 
plete antibodies. Further, the possibility ex- 
ists that the enterobacterial hemagglutination 
test does not solely measure bacterial agglu- 
tinins in a more sensitive manner; it actually 
may demonstrate more than one kind of anti- 
body with identical serologic specificity. This 
possibility is suggested by the observation that 
no constant ratio exists between the titers de- 
termined by the two procedures. A similar 
suggestion was made by Ceppellini and De 
Gregorio and is based on comparative studies 
on S. typhosa antibody titrations by means of 
hemagglutination, hemolysis, hemagglutina- 
tion in proteic media, and indirect Coombs 
test(7). Utilization of various serum fractions 
conceivably may aid in the elucidation of this 
moot question. 

Summary. Examination of 50 paired ma- 
ternal and cord sera for O antibodies against 
various enterobacteriaceae revealed the fol- 
lowing results. 1. Agglutinins could not be 
demonstrated in the cord sera. 2. The hemag- 
glutination test revealed the presence of anti- 
bodies in 6 to 78% of the cord sera depending 
upon the antigen used. 3. The antiglobulin 
hemagglutination test detected incomplete an- 
tibodies in an additional 14 to 46% of the 
cord sera. 4. The antiglobulin hemaggluti- 
nation test enhanced the hemagglutinin titers 
of cord sera to a greater extent than those of 
maternal sera. 5. With one exception the 
maternal antibody titers were higher than 
those of the corresponding cord sera. 6. The 
specificity of the antiglobulin hemagglutina- 
tion test was demonstrated by means of ab- 
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sorption experiments. 7. The placental trans- 
fer of enterobacterial antibodies from mother 
to fetus is discussed with particular reference 
to incomplete antibodies. 
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Toxicological and Pathological Studies with 3,3-Dimethyl-1-Phenyltriazene: 
with Special Reference to Hepatic Damage.* (23517) 


JEAN SCHOLLER, FREDERICK S. PHILIPS, AND STEPHEN S. STERNBERG 
(With the assistance of Barbara B. Adams and Barbara Wheelock) 
Division of Experimental Chemotherapy, Sloan-Kettering Institute for Cancer Research, Sloan- 
Kettering Graduate Division of Cornell University Medical College, and Pathology Laboratories, 
Memorial Center for Cancer and Allied Diseases, New York City 


During routine screening of compounds for 
anti-tumor effects, 3, 3-dimethyl-1-phenyltria- 
zene was found to inhibit Sarcoma 180 in mice 
(1). The agent was also shown to be terato- 
genic in chick embryos(2) and to prolong the 
survival of mice bearing Leukemias 82 and 
5471(3). Since this triazene was representa- 
tive of a new series of compounds not previ- 
ously known to be active against experimental 
tumors, it became of interest for possible 
clinical trial. For this reason pharmacological 
studies were undertaken in our laboratories. 


Procedure. The kinds of animals used and 
the procedures employed have recently been 
described(4,5). The triazene, a liquid, was 
dissolved in peanut oil and 0.5 ml of the solu- 
tion per 100 g of body weight was given in- 
traperitoneally to mice and rats. For oral ad- 
ministration to rodents the agent was sus- 
pended in 0.9% NaCl containing 0.5% car- 
boxymethylcellulose (CMC). For intraven- 
ous injections the compound was dissolved in 
propylene glycol while for intramuscular in- 
jection it was diluted with peanut oil. Dogs 
received the agent orally in gelatin capsules. 


* This investigation was supported in part by a 
grant from Natl. Cancer Inst., U.S.P.HS., and by 
funds from the Elsa U. Pardee Fn. 


LD;,) values were calculated according to 
Litchfield and Wilcoxon(6) after administra- 
tion of a sufficient number of doses, decreas- 
ing in series by a factor of 12, to obtain both 
100 and 0% mortality during 14 days of ob- 
servation. At least 10 mice, 6 rats, 2 cats, and 
2 dogs were employed per dose. 

Results. Toxicity in rodents. Table I is a 
summary of toxicity data. The compound 
was somewhat more toxic to mice and rats 
when given intraperitoneally than when given 
orally. Within 2 hours after 500 mg/kg in- 
traperitoneally or 1000 mg/kg orally the 
righting reflexes of mice became impaired; a 
progressing depression ensued and death oc- 
curred between 3 and 20 hours. Following 
single doses of 250 mg/kg intraperitoneally 
or 500 mg/kg orally mice became depressed, 
dyspneic, and ataxic within 3 to 4 hours. A 
few died within the first day; most of the re- 
mainder between the second and eleventh 
days. The majority of those alive at 24 hours 
moved about in circles and their heads bobbed 
continuously from side to side. This syn- 
drome, presumably neurologic in origin, was 
further characterized by the inability of the 
mice, when placed in water, to swim in a well- 
coordinated manner. The disturbance seemed 
similar to that seen in congenitally abnormal 
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TABLE I. Toxicity of 3,3-Dimethyl-1-phenyltriazene. 


No. of 


19/20 confi- 


Route of successive LD50,* dence limits,* ? 
Species admin. daily doses mg/kg/day mg/kg/day S* 
Mice Intraper. 1 200 160-250 1.30 
i 5) 72 30-183 1.52 
Oral 1) 290 200-420 1.82 
Ratst Intraper. il 180 136-238 1.42 
a 5) 71 64— 78 1.10 
Oral 1 180 333-608 1.35 
i 5 130 86-196 1.55 
Dose, No. dead/No. Day of 
mg/kg/day tested death 
Cats Intray. 1 100 2/2 Immediate 
50 0/2 
25 0/2 
Intramusce. il 200 2/2 ibe a 
100 1/2 3 
50 0/2 
Dogs : 10¢ 50 2/2 10,18 
25 1/2 26 
12.5 0/2 
6.25 0/2 
Oral 10¢ 50 1/2 35 
25 0/2 
12.5 0/2 


* Caleulated according to Litchfield and Wilcoxon(6). 


wk after the end of treatment. 
+ Carworth Farms Wistar (CFW). 


Animals were observed for at least 2 


t Maximum No. of doses given daily except weekends. 


“waltzing” or “shaker” mice(7); the same 
syndrome has been induced by the adminis- 
tration of certain mono-2-chloroethylamines 
(8). Except for the absence of the neuro- 
logical disturbance, the course of intoxication 
in rats given single lethal doses was like that 
seen in mice. When given on each of 5 suc- 
cessive days, the triazene caused progressive 
weight loss, ataxia, dyspnea, and depression 
in both mice and rats. At doses of 100 to 125 
mg/kg/day intraperitoneally and 100-200 
mg/kg/day orally deaths occurred between 
the sixth and eleventh days after the initia- 
tion of treatment. Pathological studies were 
not performed. 

Pathological changes in rats. Lesions were 
studied in a group of 26 Carworth Farms Nel- 
son (CEFN) rats which received 100 mg/kg / 
day of the triazene in a maximum of 5 suc- 
cessive daily injections. Six animals were sac- 
rificed at 2 days (24 hours after the second in- 
jection); at this time the rats appeared un- 
kempt. On the fourth day (24 hours after 
the fourth injection) 6 additional animals 
were sacrificed; weight loss and “bloody” 


exudates about the nares were evident. Six 
rats were sacrificed on the seventh day (72 
hours after the fifth injection) ; further weight 
loss had occurred and the rats appeared un- 
kempt and had “bloody” nares. Four of the 
remaining 8 animals died on days 8, 16, 21, 
and 21, respectively. Control rats which had 
received injections of peanut oil were also sac- 
rificed: at 2,4, and 7 days. Significant hema- 
tological changes occurred during treatment 
(Table II). By the end of the second day 
reticulopenia and leukopenia were already 
evident; by the fourth day these changes were 
even greater and they were accompanied by a 
fall in the hematocrit. At the seventh day 
the reticulocyte count had returned to normal 
values but the leukopenia and anemia were 
still evident. On gross examination the fol- 
lowing were noted in all treated animals: an 
“oily” abdominal ascites (present also in con- 
trols), semi-fluid or fluid bone marrow from 
the femoral shaft, and small thymi. At 4 
and 7 days pallor of the inner cortex of the 
kidney was also prominent. Microscopic ex- 
amination revealed lesions in a number of tis- 
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TABLE II. Weight and Blood Cells in Rats Treated with 3,3-Dimethyl-1-phenyltriazene. 
(Mean values + stand. dev.) 
See eee 
Day of Wt change Reticuloeytes Hematocrit Platelets WBC* 
BE Sacritice (%) (%) (m1/100 ml) -———_ (10? cells/mm*) ——_, 
Controlt + 52+5 Boll a Ili ANOS) ame) 437 + 210 D.6l = 1.7 
2 days —- 8+4 6 + 6 46.0 + 3.3 506 + 127 104+ .5 
4 =i see} {Hise 302: 42.0 + 4.3 602 + 172 sWibss oil 
if —29 +3 40 + 3.6 29.0 a: 5.4 503 + 160 AtByee oll 


* White blood cells. 


sues as early as 2 days after initiation of treat- 
ment. These progressed in severity and in 
all 6 animals sacrificed at 7 days they were as 
follows: the lymphocytic elements of spleen, 
thymus, and nodes were markedly depleted; 
the red pulp of the spleen was congested and 
the extra-medullary hematopoietic cells were 
reduced in number; the sternal bone marrow 
showed a 90 per cent loss of nucleated ele- 
ments; spermatogenic arrest was observed in 
some of the testicular tubules and this was as- 
sociated with multinucleated giant cells; in 
the kidneys there was necrosis in the distal 
portion of the proximal convoluted tubules as 
well as a mild membranous glomerulonephri- 
tis; a peripancreatic inflammatory reaction 
was present. The livers appeared normal at 
2 and 4 days but at 7 days showed a loss of 
cytoplasmic basophilia and a slight enlarge- 
ment of hepatic cells in central zones. He- 
patic necrosis was not evident. Finally, at 2 
and at 4 days the mucosa of the small bowel 
had some atypia manifested by nuclear swell- 
ing and loss of polarity of the inner mucosal 
glands; by 7 days the small intestine showed 
no abnormalities. 

Toxicity in cats. Table I presents the tox- 
icity data for triazene in cats. The pair given 
100 mg/kg intravenously showed immediate 
respiratory arrest. Cats given 200 mg/kg 
intramuscularly died unobserved overnight; 
one was dyspneic for several hours after in- 
jection while the other became ataxic after 4 
hours and developed paralysis of the hind 
legs. Of the pair given 100 mg/kg intramus- 
cularly one developed ataxia of the hind legs 
by 10 hours. This was no longer present at 
24 hours and the cat survived. The other 
animal died at 3 days; it was markedly 
ataxic, dyspneic, and cyanotic on the day 
after injection and exhibited episodes of tonic 
and clonic convulsions. No remarkable 


+ Avg of 12 animals, 4 at each of days 2, 4, and 7. 


changes were noted in animals receiving 50 
mg/kg intravenously or intramuscularly. 
Pathological studies were not performed. 

Pathological changes in dogs. The toxicity 
data in dogs are given in Table I. In the 8 
animals given 25 or 50 mg/kg/day anorexia, 
weight loss, and emesis became evident during 
the first week of treatment. Six of this group 
became jaundiced during treatment or within 
1 week thereafter. Dilute urine (specific 
gravity <= 1.015) was also observed in 6 of 
the 8 animals. Body temperatures remained 
relatively normal throughout the course of 
fatal intoxications. To determine the lesions 
associated with intoxication 4 additional dogs 
were given the doses described in Table III 
and sacrificed at different times during or 
after treatment. As seen in Table III, each 
animal lost weight during treatment. Dogs 2 
and 4 showed a decrease in the hematocrits 
without concomitant decrease in reticulocyte 
counts. Lymphocytopenia became evident in 
3 dogs but there were no consistent changes in 
the counts of neutrophilic granulocytes. 
Thrombocytopenia developed in dogs 3 and 4 
though blood clotting time was not signifi- 
cantly affected. In dogs 3 and 4 there devel- 
oped prolonged prothrombin times and se- 
vere deficiencies in the fibrinogen content of 
plasma. This evidence of hepatic insufficiency 
was associated with hyperbilirubinemia and 
increased sulfobromophthalein (BSP) reten- 
tion. In addition the activity of plasma alka- 
line phosphatase rose in each animal and 
especially in dog 4. The total serum protein 
decreased in all animals. In other biochemi- 
cal analyses, which are not recorded in Table 
III, plasma non-protein nitrogen and _ blood 
glucose remained unchanged while decreases 
were observed in plasma chloride to as low as 
70 meq/1 at day 15 in dog 3. 

At autopsy the tissues of the 3 dogs given 


494 3.3-DIMETHYL-1-PHENYLTRIAZENE AND LIVER DAMAGE 
TABLE III. Hematological and Biochemical Data from Dogs Treated with 3,3-Dimethyl-1-phenyltria- 
zene. 
oe ees 
Prothb Alk 
Wt Herit Retic Leyte Pltlt Prot time Blrbn BSP ptase Fhbgn 
Dog Day (kg) (ml/100ml) (%) (10% cells/mm*) (g %) (sec. ) (ims Ge )) a, 
1 50 mg/kg & 5, IM 
0 14.8 52.0 tr 2.6 208 5.9 13.9 3) 2 5) 
4 12.9 58 Fr>) ai 5.3 13.8 1.0 1.4 1.5 
IS aN a 52 3 ail 120 5.1 14.7 8.3 3.5 3.0 
2 50 mie/ke <7, BO 
0 10.3 53 1.0 Sih 192 5.5 13.4 2 iS 2.2 
7 9.1 41.5 6 3 174 5.1 10.3 5 ial 4.8 
Oy “eh 39 1.4 Al 180 4.4 WOES) 8 1.6 9.8 
3 25mg/kg X 10, 1M 
0 14.8 54 1 3.0 158 5.8 13.9 2 2 1.0 233 
8 13.1 53 2 1.5 280 5.1 20.5 off 2.0 5.0 218 
HFS amelie 51 1.2 7 46 2.9 45 11.8 4, 6.7 t 
4 25me/kege X 10,1M 
0 IHG 52 2 8 5 12.3 2 2 8 234 
8 9.9 45 8 5 278 5.0 12.6 il 8 2.3 363 
15 S71 46 2.6 6 4 17.9 4.5 3.0 6.2 226 
18 8.5 32 
22 8.2 43 1.5 2) 4.2 22.9 3.9 2.7 HOZ9 110 
30 8.5 49 5 6 4.4 19.6 EY 3.2 20.3 t 
32 S 8.7 45 a) 9 19.8 1.2 2.6 19.8 180 


Abbreviations: Alk ptase, plasma alkaline phosphatase; Blrbn, total plasma bilirubin; BSP, sulfo- 


bromophthalein retention in blood; Fbgn, plasma fibrinogen ; 


Herit, hematocrit; Leyte, lymphocytes; 


Pltlt, platelets; Prot, total plasma protein; Prothb time, one-stage prothrombin; Retic, reticulocytes; 


IM, intramuse.; PO, oral. 
* Dog 3 was moribund at sacrifice. 


+ The oxalated plasma failed to clot upon addition of CaCl, and thrombin. 


the triazene intramuscularly were jaundiced 
and the lobular markings of their livers were 
accentuated. The liver of dog 3 appeared to 
be fatty. This animal as well as dog 4 had 
clear yellow ascitic fluid in the abdomen. Ex- 
cept for minute hemorrhages in the pylorus of 
the stomach and bloody mucus in the ileum of 
dog 2, which had received the oral dose, there 
were no other noteworthy gross findings. On 
microscopic examination the most prominent 
changes were found in the livers of all 4 
dogs. These are described in detail because 
the lesions varied considerably in the differ- 
ent individuals and because the hepatotoxic 
effects appeared to be novel. Dog 1 showed 
damage in the central zone affecting approxi- 
mately one-third of the lobule. In the in- 
volved portions the majority of the hepatic 
celis were small and there was disorganization 
of their cord-like arrangement. Loss of cell 
boundaries was frequent and cytoplasmic vac- 
uolization was evident. A few deeply eosino- 
philic hepatic cells were present intermixed 
with polymorphonuclear leukocytes. Canali- 


culi showed bile-plugging in all portions of the 
lobule but most prominently in central zones. 
Some medium-sized bile ducts contained in- 
spissated bile and in these there was some loss 
of nuclear polarity in the epithelium. The 
liver of dog 2 had changes that were similar 
except for involvement of only about one- 
fourth of the lobule and less prominent plug- 
ging of the bile canaliculi. On the other hand 
more diffuse and extensive effects were ob- 
served in the livers of dogs 3 and 4, which 
were sacrificed at later times, 15 and 34 days, 
respectively. It is interesting to recall that 
the plasma prothrombin times became mark- 
edly elevated in dogs 3 and 4 after the end 
of the first week of treatment (Table III). 
Nearly all liver cells were larger and more 
varied in shape than normal. The cord-like 
arrangement was lost resulting in disorgan- 
ization of the lobular pattern. In the central 
zones the cytoplasm of most liver cells was 
finely vacuolated while in peri-portal regions 
it was deeply eosinophilic. Many cells con- 
tained enlarged and irregular nuclei and nu- 
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cleoli, prominently in the periphery of the 
lobule. Necrotic cells containing eccentric 
nuclei and dark pink cytoplasm were scattered 
throughout the liver; some of these were ac- 
cumulated in small nests. In dog 3 there was 
plugging of canaliculi and inspissation of bile 
with loss of polarity in the epithelium of the 
medium ducts. No inflammatory reaction was 
observed. In dog 4 although canalicular sta- 
sis was minimal, bile-laden macrophages were 
present around the central veins intermixed 
with red cells, polymorphonuclear leukocytes, 
and lymphocytes. 

The other lesions seen are briefly recorded. 
The bone marrows of all 4 dogs were con- 
gested; but only in dog | was there found a 
slight diminution in the number of nucleated 
elements. In dogs 3 and 4 the sinuses of the 
lymph nodes contained red cells and acute ul- 
cers were present in the tonsils. Recent ulcers 
were also found in the buccal mucosa and 
esophagus of dog 3. In the same animal 
small hemorrhages were present in the 
adrenals and colon and the small intestines 
were congested; interstitial edema of the pan- 
creas was noted with occasional inflammatory 
cells and some disorganization of the acinar 
pattern ; spermatogenic arrest and numerous 
giant cells were seen in the testes. In dog 4 
necrotic cells were found in the ovarian fol- 
licles; a membranous glomerulonephritis was 
present in its kidneys as well as a solitary fo- 
cus of acute pyelonephritis. 

Discussion. The present study has revealed 
the major pathologic changes induced by 3, 
3-dimethyl-1-phenyltriazene in rats and dogs. 
The peripheral blood, the bone marrow, and 
the kidney were the primary sites of abnor- 
mality in the rat. In dogs the principal 
pathologic changes were confined to the liver. 
These included abnormalities in the size and 
shape of hepatic cells, necrosis of hepatic cells, 
disorganization of the lobular pattern, and 
intrahepatic _ biliary stasis. | Biochemical 
changes indicative of hepatic dysfunction 
were associated with the liver lesion, namely, 
increases in the one-stage prothrombin time, 
hyperbilirubinemia, elevations in the reten- 
tion of sulfobromophthalein and in the activ- 
ity of serum alkaline phosphatase, and de- 
creases in the fibrinogen content of plasma. 
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The contrast in the sites of action in the 
two species was probably not an absolute one; 
for hematologic changes such as thrombocy- 
topenia and a slight hypoplasia of bone mar- 
row were noted in a few dogs and a mem- 
branous glomerulonephritis was seen in one. 
Conversely intoxicated rats evidenced minor 
alterations in the hepatic parenchyma. 

The mode of action of the triazene may be 
related to certain of its chemical properties. 
Diazoamino compounds are cleaved by acid 
catalysis to amines and diazonium ions; in 
the present instance the products would be di- 
methylamine and benzenediazonium cations. 
The amine probably has little effect in the 
amounts formed; but the diazonium moiety 
could either react directly with cellular con- 
stituents or undergo further toxic transforma- 
tions. For example, hydrolysis would result 
in phenol while mild reduction would give rise 
to phenylhydrazine(9). At physiologic pH 
the cleavage of the triazene would probably 
be slow, thereby permitting distribution of in- 
tact molecules throughout the tissues. If 
their distribution were non-uniform, varying 
amounts of toxic moieties would be formed at 
different sites resulting in selective tissue dam- 
age. 

In spite of these likely possibilities it has 
not been possible to explain precisely all of 
the effects of the present agent in terms of 
the known properties of the toxic products 
just mentioned. For example, the anemia in 
rats and the reticulocytosis and jaundice in 
dogs seemed suggestive of the hemolytic ef- 
fects of phenylhydrazine(10). Since the 
formation of damaged erythrocytes by sim- 
ple benzene derivatives as well as by phenyl- 
hydrazine may be characterized by the pres- 
ence of Heinz bodies, these abnormalities were 
sought in the red cells of a pair of dogs given 
50 mg/kg/day of the triazene for 5 days (a 
lethal dose). Smears of daily: blood samples, 
stained by Webster’s technic (11), failed to 
reveal any specific red cell alteration. Since 
phenol is acutely toxic to the central nervous 
system and produces convulsions in mice, 
rats, and cats(12), its formation seemed sug- 
gested in the “neurological” syndrome caused 
by the present agent in mice. Nevertheless, 
the responses of mice to equimolar, lethal, 
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single doses of phenol given intraperitoneally 
were readily distinguished from those caused 
by the triazene. Moreover, the latter sub- 
stance was not convulsant in rats or cats. 


On the other hand the hepatotoxic and ne- 
phrotoxic effects of the triazene may be more 
readily related to possible transformations im 
vivo; for both phenol(13) and phenylhydra- 
zine(14) have been reported to cause liver and 
kidney damage in laboratory animals. In this 
connection it is of interest to note that Kirby 
(15) has found lesions in liver, spleen, and 
kidney following the administration of 1,3-di- 
phenyltriazene. This author suggested that 
the hepatic effects were not due to an in vivo 
rearrangement to p-aminodiazobenzene since 
the latter produces a lesion different from that 
caused by diphenyltriazene. It is conceivable 
that the diphenyl derivative may undergo 
cleavage in vivo, as suggested in the case of 
the agent used herein, with the formation of 
benzenediazonium cations and aniline. 


Summary. The toxicity of 3,3-dimethyl-1- 
phenyltriazene has been described in various 
laboratory mammals. The agent produced a 
“neurological” disturbance in mice resembling 
that seen in the congenitally abnormal “waltz- 
ing” or ‘“‘shaker” strains. In rats lesions were 
prominent in hematopoietic tissues and in the 
kidney. In dogs an unusual hepatic lesion was 
induced which was associated with a variety 
of disturbances in liver function. The effects 
of the compound were discussed with respect 
to possible transformation im vivo into phe- 
nyldiazonium and various derivatives of the 
latter substance. Hepatic insufficiency, renal 
damage, and hematopoietic depression should 
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be anticipated in clinical trials with the agent. 


The 3,3-dimethyl-1-phenyltriazene was kindly sup- 
plied by Dr. C. S. Rondestvedt, Jr., University of 
Michigan, Ann Arbor, and by Merck & Co., Rahway, 
ING We 
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Influence of Dietary Potassium on Potassium-42, Rubidium-86 and 


Cesium-134 Retention in the Rat.* (23518) 


F. R. Mraz AND HomeER PATRICK 
University of Tennessee-Atomic Energy Com. Agricultural Research Program, Oak Ridge, Tenn. 


MacLeod and Snell(1) reported that ce- 
sium, potassium and rubidium behaved simi- 
larly in the nutrition of lactic acid bacteria. 
These elements are known to enter the solute 
complex, participating in ion antagonism, os- 
mosis, permeability regulation, maintenance 
of the colloidal state and similar physiological 
phenomena(2). Mraz et al.(3) observed an 
increase in excretion of cesium-134 by the rat 
when dietary potassium was increased. Mraz 
and Patrick(4) demonstrated that the ab- 
sence of dietary potassium in a casein-corn- 
starch diet decreased urinary and fecal excre- 
tion of cesium-134, potassium-42 and rubi- 
dium-86. Miller(5,6) observed that the mini- 
mum potassium requirement for rats lies 
somewhere between 0.55 and 1.44 g per kilo 
of diet. This study was initiated to ascer- 
tain the feasibility of utilizing potassium-42, 
rubidium-86 and cesium-134 as indicators of 
potassium requirement in the rat. 

Methods and materials. The basal diet 
used in these studies is the casein-cornstarch 
diet of Mraz and Patrick(7) minus the potas- 
sium chloride. Potassium in the chloride 
form was substituted for part of the corn- 
starch in the basal diet. Four albino rats 
(Rockland strain) were used per diet in each 
of the experiments. The rats in the potas- 
sjum-42 trial were fed their respective diets 
for 14 days and those in the rubidium-86 and 
cesium-134 trials for 7 days before adminis- 
tration of the radionuclides. Five microcuries 
of cesium-134 or 35 microcuries of rubidium- 
86 were administered in the cesium or rubi- 
dium trials and a 72-hour balance trial made. 
The short half-life of potassium-42, 12.5 hr 
as compared to 2.3 years for cesium-134 and 
18.6 days for rubidium-86, necessitated the 
use of 200 microcuries of the nuclide and only 


* This manuscript is published with permission of 
Director of Univ. of Tennessee, Agric. Exp. Station, 
Knoxville. Radioactive materials used in this work 
were obtained from Oak Ridge Natl. Laboratory on 
allocation from U. S. Atomic Energy Com. 


a 48-hour balance trial. The rats were sacri- 
ficed at the end of the balance trials. All nu- 
clides were subcutaneously administered in 
the chloride form. Cesium-134 was used at 
tracer levels, while the potassium-42 and ru- 
bidium-86 dosages contained 26 mg potassium 
and 8.2 mg rubidium, respectively. Feces and 
urine samples were collected every 24 hours 
after administration of the nuclides. Excreta 
were digested with nitric acid and aliquots 
counted in a scintillation well-type counter. 
In the interest of ease of recording and read- 
ing, all data have been reported utilizing a 
maximum of three significant figures and are 
not indicative of sensitivity of the experi- 
ments. Least significant differences at the 
5% level of confidence were determined and 
used as criteria for reporting significance be- 
tween tissues and excreta as attributable to 
treatments. 


In each experiment 8 groups of rats were 
fed either 0, 0.5, 0.075, 0.1, 0.15, 0.2, 0.3 or 
0.4% potassium. At initiation of the trials, 
average weights of the rats were 100, 80, and 
60 g for the potassium-42, rubidium-86 and 
cesium-134 trials, respectively. 


Results. It may be noted (Table I) that 
rats fed diets containing 0.15 or more per cent 
potassium retained significantly less potas- 


TABLE I. Potassium-42 Content of Tissues and 
Excreta as Influenced by Varying Levels of Potas- 
shun. 


eee — 


Wt gain Tissue* (%/g) Exere- 

Dietary (14 day) tao 

K (%) (g) Muscle Kidney Liver (48 hr) 
.00 -2 1.34 1.10 1.38 8 
05 18 1.15 89 1.06 6 
075 24 1.21 .86 1.05 3.4 
10 32 1.02 81 89 5.1 
15 56 75 53 .70 8.0 
.20 55 io) 59 69 10.7 
30 58 73 54 65 10.1 
40 39 84 63 75 15.2 
L.S.D.t 24 23 23 6.0 


* Expressed as Y% of subcut. administered dose. 
+ Least significant difference between means at 
5% level of confidence. 
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sium-42 in their tissue than did those fed 
diets containing 0.075 or less per cent potas- 
sium. Significantly more potassium-42 was 
excreted by rats fed diets containing at least 
0.15% potassium than by those fed diets 
containing 0.05 or less per cent potassium. 

Significant differences in rubidium-86 up- 
take by tissues were observed (Table II) but 
the level of potassium at which significance 
was found varied between tissues. The rats 
fed 0.15% potassium excreted significantly 
more rubidium-86 than did those fed lower 
levels. Each increment of dietary potassium 
fed beyond 0.15% induced a significant in- 
crease in rubidium-86 excretion. 

Tissue uptake of cesium-134 (Table III) 
proved to be quite variable with no sharp 
trends being apparent. Excretion of cesium- 
134, however, showed more uniform trends 
with the first significant difference in cesium- 
134 excretion occurring at 0.15% potassium 
and the next at 0.20% after which it levels off. 

Growth rate in all 3 experiments began to 
plateau at 0.15% potassium. The tissue up- 
take of radionuclides on the various potas- 
sium levels is believed to be partially a reflec- 
tion of body weight of the rats at time of 
dosing. Since the rats fed potassium deficient 
diets did not grow as well as those on potas- 
sium adequate diets, their body weights were 
lower at the end of the feeding period. The 
smaller the rat, therefore, the higher the con- 
centration of radionuclides per gram of tissue, 
even if excretion of the nuclides remained con- 
stant. 


TABLE II. Rubidium-86 Content of Tissues and 
Exereta as Influenced by Varying Levels of Potas- 
sium, 


Wt gain Tissue* (%/g) Exere- 

Dietary (7 day) ~  tion* 

K (%) (g) Muscle Kidney Liver (72 hr) 
00 3 1.66 2.15 2.42 12 
05 15 1.66 1.80 2.06 ii 
.075 Ny 1.47 gH 2.13 1.6 
10 22 1.42 1.58 1.67 2.1 
15 26 1.32 1.45 1.74 3.6 
20 29 1.18 1.00 1.39 4.8 
230 PM 1.24 ih 1.50 6.9 
40 31 1.18 1.37 WBe 9.8 
L.8.D.t 30 30 41 1.2 


* Expressed as % of subeut. administered dose. 
+ Least significant differenee between means at 
5% level of confidence. 
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TABLE III. Cesium-134 Content of Tissues and | 
Exereta as Influenced by Varying Levels of Potas- | 
sium. 


Wt gain Tissue* (%/g) Excre- 

Dietary (7 day) - ee tLODy 

K (%) (g) Muscle Kidney Liver (72 hr) 
00 2 279 3.27 1.18 4.1 
05 8 De 3.64 1.26 7.0 
O75 15 2.90 3.10 1.40 eo 
10 19 2.32 3.47 TL 8.1 
5 26 2.09 2.24 1.03 14.3 
.20 27 1.93 2.38 93 19.0 
30 21 1.88 2.21 {ON 21.1 
40 27 ial 1.85 84 21.1 
L.S.D.t N.S. 1.18 N.S. 4.8 


* Expressed as % of subcut. administered dose. 
+ Least significant difference between means at 
5% level of confidence. 


Soft tissue-seeking radionuclides such as 
cesium-134, potassium-42 and _ rubidium-86 
show promise as indicators of dietary potas- 
sium deficiency in rats. If one postulates that 
these radionuclides partially substitute for 
potassium in a deficient animal, the results 
may be interpreted to indicate that the die- 
tary requirement lies between 0.075 and 
0.15% potassium, probably between 0.1 and 
0.15%. Of course, impaired metabolism due 
to potassium deficiency may be the factor in- 
fluencing excretion of these radionuclides, but 
the interpretation of data would still be valid. 
The growth data would also tend to support 
this supposition. More investigations will 
have to be conducted, however, before the 
radionuclide method can be quantitatively 
used for determination of animal require- 
ments. 


Summary. An increase in dietary potas- 
sium has been shown to increase excretion of 
cesium-134, potassium-42 and rubidium-86. 
Interpretation of the first significant increase 
in excretion of these radionuclides as being 
the point at which dietary potassium is ade- 
quate would place the potassium requirement 
of the rat between 0.075 and 0.15%, probably 
between 0.1 and 0.15%. This is supported 
by the growth data. 


This work was completed under contract between 
Univ. of Tennessee, College of Agric. and Atomic 
Energy Com. 
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Concurrent Concentrations of Human Salivary Buffer Components 


in Serum and Saliva.* 


(23519) 


SAMUEL DREIZEN, HENRY A. SPIES, JR., Jo G. DREIZEN, AND Tom D. SPIEs 
Department of Nutrition and Metabolism, Northwestern University 


The buffer systems in human saliva consti- 
tute a major natural defense mechanism 
against dental decay. Quantitatively, the buf- 
fer concentration of saliva varies with glandu- 
lar activity, stimulated saliva having an ap- 
preciably higher buffer level than unstimu- 
lated saliva(1). 

Numerous investigators have shown that 
the salivary buffer capacity of caries-resistant 
persons exceeds that of caries-active individ- 
uals(2,3,4,5). In a given subject under physi- 
ologic conditions, the buffer concentration of 
saliva varies only slightly from hour to hour 
and from time to time. It has been stated 
that the buffering power of saliva is directly 
dependent upon that of blood(6). Experi- 
ments in this laboratory have shown that 
metabolic acidosis depresses the salivary buf- 
fer capacity and that a similar reaction fol- 
lows the administration of 2-acetylamino-1,3, 
4-thiadiazole-5-sulfonamide (Diamox) a Car- 
bonic anhydrase inhibitor (7). 

Materials and methods. Specimens of ve- 
nous blood and paraffin stimulated saliva were 
obtained simultaneously from 34 patients of 
the Nutrition Clinic, Hillman Hospital. The 
samples were collected in sterile tubes under 
paraffin oil in the morning before breakfast 
and before brushing the teeth. The serum 
was drawn off after centrifugation and saved 


* Northwestern University studies in nutrition at 
Jefferson-Hillman Hospital, Birmingham, Ala. These 
studies were supported by grants from the Avondale 
Educational and Charitable Fn., Metropolitan Fn. of 
Atlanta, and Republic Steel Corp. 


for analysis under paraffin oil. Neither the 
paraffin blocks which served as secretory 
stimulants nor the paraffin oil contained de- 
tectable amounts of any of the constituents 
tested. The buffer capacities of samples of 
serum and saliva through the pH range 7 to 
6 were determined by the method of Dreizen, 
Mann, Cline and Spies(8) using 0.1 N lactic 
acid for the development of the titration 
curves. The sodium and potassium content 
of each sample was assayed with a Perkin- 
Elmer Model 52-A flame photometer by the 
procedure of Bills, McDonald, Niedermeier 
and Schwartz applying the internal standard 
technic(9). The serum and saliva concentra- 
tions of bicarbonate, phosphate and protein 
were measured by the methods of Van Slyke 
and Neill(10), Fiske and SubbaRow(11) and 
Wolfson, Cohn, Calvary and Ichiba(12) re- 
spectively. The values for each constituent 
were converted into milliequivalents per liter 
using the factors described in a previous pub- 
lication(1). The data were then subjected to 
statistical analysis. 


Results. The ranges and mean concentra- 
tions of the anionic and cationic constituents 
of the buffer systems measured in the serum 
and saliva of the 34 patients are shown in 
Table I. The ranges in saliva exceeded those 
in serum for each ion except protein. Sodium 
had the widest range in saliva and bicarbonate 
in serum. The mean levels in milliequiva- 
lents/liter were: Na*, 32.80 in saliva and 
145.72 in serum; K*, 20.40 in saliva and 5.10 
in serum; HCO;,, 15.60 in saliva and 27.04 in 
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TABLE I. Comparison of Buffer Components of Serum and Saliva in 34 Patients. 


———_Mean———_,, ——— o* ——_{ 

Components Saliva Serum Saliva Serum rt ort 

- Sodium (meq/1) 32.80 145.72 17.44 3.03 SHS) .160 
Potassium i 20.40 5.10 4.04 59 112 Alay 
Bicarbonate ” 15.60 27.04 2.13 1.95 .035 ofl 
Phosphate a 10.17 2.73 2.97 aif —.019 alir(at 
Protein M 94 16.19 33 .70 —.208 .164 
Buffer capacity .68 1.14 17 16 392 .145 


(ml 0.1 N lactic acid) 


* ¢ = Stand. dev. 


serum; HPO, , 10.17 in saliva and 2.73 in 
serum; and protein’, 0.94 in saliva and 16.19 
in serum. The mean buffer capacities through 
pH range 7 to 6 were 0.68 and 1.14 ml 0.1 N 
lactic acid for saliva and serum respectively. 
In each of the 34 patients the saliva potassium 
and phosphate concentrations exceeded the 
serum levels whereas the serum sodium, bicar- 
bonate and protein values surpassed those of 
saliva. The buffer capacity of serum through 
pH range 7 to 6 was greater than that of 
stimulated saliva in the same pH range in 
every patient. The specific values are shown 
in the scattergram contained in Fig. 1. 

The coefficients of correlation (r) devel- 
oped from a comparison of the concentrations 
of each of the five buffer components in serum 
and saliva were: 0.255 for Na?,-0.112 for 1; 
0.035 for HCO;, —0.019 for HPO,, and 
—0.208 for protein. The correlation coeffi- 
cient for the buffer capacity of serum and 
saliva in the pH range 7 to 6 was 0.392. In 
no instance did the coefficients of correlation 
surpass the standard error of the coefficient of 
correlation (o,) by the more than 3 times re- 


Serum (ml 0.1 N lactic acid) 


0.8 


0.2 0.4 


0.6 
Saliva (ml 0.1 N lactic acid) 


0.8 1.0 


FIG. 1. The buffer capacities of serum and saliva in 
34 patients (pH range 7.0-6.0). 


+ r = Coef. of correlation. 


to, = Stand. error of coef. of correlation. 


quired for statistical significance. 

Discussion. The most important buffer 
systems in blood and saliva are salts of weak 
acids and strong bases. In each, the main 
constituents are sodium, potassium, bicar- 
bonate, phosphate and protein. At the nor- 
mal pH of blood, the greatest proportion of 
buffer action in serum is contributed by bi- 
carbonate with protein next in importance 
(13); at the pH of stimulated saliva, bicar- 
bonate is the principal buffer with minor con- 
tributions from the phosphates(14,15). In 
each of the 34 patients the concentration of 
bicarbonate in serum exceeded that of stimu- 
lated saliva when the samples were collected 
concurrently. The difference in the bicar- 
bonate content was reflected in the uniformly 
greater buffer capacity of serum in contrast 
to saliva in the pH range 7 to 6. This range 
includes the pK, of bicarbonate, the level at 
which the buffer action of this system operates 
at maximum efficiency. 

The lack of statistically significant correla- 
tion between the buffer capacities of stimu- 
lated saliva and serum indicates that the com- 
position and level of salivary buffers is depen- 
dent upon the biochemical activity and selec- 
tivity of the salivary glands. By such selec- 
tive action on blood electrolytes, the salivary 
glands produce a secretion which is hypotonic 
to serum, a property unique among the major 
glandular secretions of the alimentary tract. 
The recent demonstration that oral microbial 
flora and saliva sediment contain buffer sub- 
stances(16) indicates that both glandular 
and extraglandular sources contribute to the 
total buffering capacity of saliva. 

Summary. The present study is concerned 
with a comparison of the buffer components 
and buffer capacities (pH range 7 to 6) of 
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paraffin stimulated whole saliva and blood se- 
rum in 34 patients from whom samples were 
collected simultaneously. 1) In every patient, 
the-buffer capacity of serum exceeded that of 
saliva in the pH range tested; in each, saliva 
contained higher concentrations of potassium 
and phosphate than serum, and serum con- 
tained greater concentrations of sodium, bi- 
carbonate and protein than saliva. 2) There 
was no statistically significant correlation be- 
tween the buffer capacities and the main buf- 
fer constituents of serum and_ stimulated 
whole saliva. 3) Thus, the quantitative com- 
position of the salivary buffers which act to 
protect against dental caries is determined 
primarily by glandular activity and not by 
simple ultrafiltration. 
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Role of Enzymatic Adaptation in Production of Experimental Alkaptonuria.* 


(23520) 


E. C. C. Lin anp W. E. Knox (Introduced by Shields Warren) 
Cancer Research Institute, New England Deaconess Hospital, and Department of Biological 
Chemistry, Harvard Medical School, Boston 


Papageorge and Lewis reported that rats 
maintained on high phenylalanine diets began, 
after a lag period of as long as 3 weeks, to ex- 
crete homogentisate in their urine(1). After 
this demonstration it was no longer possible 
to consider, as Dakin had, that homogenti- 
sate was an abnormal metabolite formed only 
by individuals with the rare hereditary dis- 
ease of alkaptonuria. It has since been well 
established that homogentisate is normally 
formed in mammalian liver in the course of 
the metabolism of tyrosine and phenylalanine 


* This investigation was supported by grant from 
the Natl. Inst. of Arthritis and Metabolic Diseases, 
Us P) HOS, andyby U.S. Atomic Energy Com. 
contract with the New England Deaconess Hospital. 


(2). Biochemical genetics has suggested a 
mechanism for hereditary alkaptonuria: the 
inactivity of the genetically controlled enzyme 
that degrades homogentisate. No mechanism 
has been suggested for the dietary alkap- 
tonuria, but the lag period before its appear- 
ance suggests that some metabolic adaptation 
(11) must occur. In the present studies, the 
activities of the several enzymes acting succes- 
sively to form and degrade homogentisate 
have been measured during the production of 
experimental alkaptonuria in rats. It was ex- 
pected that adaptive changes in the amount of 
one enzyme relative to another would occur 
which would account for the accumulation of 
homogentisate. This expectation was con- 
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firmed. Tyrosine feeding was used in the 
present experiments for economy of materials 
and assays, since one less enzyme step was 
involved in the production of homogentisate 
from tyrosine than from phenylalanine. It 
was found that alkaptonuria could be as well 
produced by tyrosine- as by phenylalanine- 
rich diets, in preliminary experiments with 
Drs. Auerbach and LeMay (these studies did 
not substantiate the development of arthritis 
in rats during the long continued alkaptonuria 
(3)). Homogentisate was measured in the 
urines of 27 rats fed the high tyrosine diet as 
long as 7 weeks. Animals were killed at inter- 
vals during this time for measurement of the 
levels of the appropriate liver enzymes for 
correlation with the degree of observed alkap- 
tonuria. 

Procedures. Animals. Male albino Slonaker 
rats weighing 140-250 g were used. The rats 
were fed, depending on their weights, 10-15 g¢/ 
day of powdered Purina Rat Chow containing 
5% L-tyrosine. Urines were collected over 
24-hour periods in flasks containing 2 ml of 
50% glacial acetic acid. Analysis of Urines. 
Homogentisic acid was determined by the 
iodometric titration method of Neuberger (4). 
p-Hydroxyphenylpyruvate (pHPP) was de- 
termined by converting it to the enol borate 
complex(5). To the urine sample was added 
3 ml of 1 M boric acid in 2 M arsenate at pH 
6.5. The solution was diluted to a final vol- 
ume of 3.5 ml and after 5 minutes the optical 
density was read at 310 mp against a blank 
which contained every component except 
boric acid. pHPP (« == 1:24 x10*) was 


either absent or present in less than 0.1 mg 
in several urine samples containing homo- 
gentisic acid. Therefore pHPP was not sys- 
tematically followed in these experiments. 
Assay of Enzymes. All enzyme assays were 
determined in fresh supernatant fractions of 
10% liver homogenates. The livers were 
homogenized in .14 M KCl in 0.005 N NaOH. 
The enzyme protein was the sole limiting fac- 
tor in each of the assay reactions. Activities 
were expressed as pmoles of substrate react- 
ing/hour /g of dry liver. Tyrosine-a-ketoglu- 
tarate transaminase was assayed by a spec- 
trophotometric method which depended upon 


310 mp 
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umoles pHPP oxidized/10 min. 


2 4 6 8 1.0 
Volume of enzyme 


1.2m. 


FIG. 1. Activity-concentration curve of rat liver 
pHPP oxidase measured by the disappearance of the 
enol-borate complex of pHPP. The enzyme was 
assayed at 25° +1°C in a 1 cm quartz cell contain- 
ing 0.4 umole pHPP, an excess of a preparation of 
kidney keto-enol tautomerase (k = 1.0) free of pHPP 
oxidase(5), 0.57 M borate, pH 8.0 in a final volume 
of 3.5 ml. The pHPP was allowed to equilibrate 
for 5 minutes in the borate buffer in the presence of 
the keto-enol tautomerase before addition of the 
oxidase. The reaction was initiated by the addition 
of the rat liver extract. The disappearance of pHPP 
(es10 = 9.85 X 10°) was followed for 5 minutes by 
readings of optical density at 310 my, against a 
blank containing all components of the reaction mix- 
ture except pHPP. 


the appearance of the enol-borate complex of 
pHPP(6).  p-Hydroxyphenylpyruvate  oxi- 
dase was assayed by _ spectrophotometric 
method with slightly different conditions from 
those described by Hager, Gregerman and 
Knox(7). The conditions used are given in 
the caption for Fig. 1, which shows the pro- 
portionality of activity to the amount of en- 
zyme used in this assay. Homogentisate oxi- 
dase was assayed by the manometric method 
described by Knox and Edwards(8), with the 
extra addition of 10 pmoles of glutathione to: 
the reaction mixture to insure full activity. 
The rate of oxygen uptake was proportional 
to the amount of enzyme used over a 4-fold 
range. 

Results. The majority of the rats began to 
excrete homogentisate 3 to 4 days after they 
were placed on the high tyrosine diet. The 
mean 24-hour excretions of homogentisate 
during the period of 7 weeks, constructed 
from 67 urine collections on 27 animals, are 
shown in Fig. 2. During the first month the 
amount of homogentisate excreted rose 
slowly to a peak of about 100 mg/day and 
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TABLE I. Correlation of Enzyme Levels in the Liver with Homogentisic Acid Exeretion by 
Male Rats on a High Tyrosine Diet.* 


Homogentisie acid 


Tyrosine 


Homogentisate 


5 (mg in 24 hr urine) transaminase pHPP oxidase oxidase 
Treatment (Mean + S.E.) 
Purina chow diet 159 + 21 (23)t 260 + 25 (16) 565 + 22 (15) 
High tyrosine diet 
Group | 1+ .48( 8) 104 + 25 ( 8) 233 + 31 ( 5) 411 + 76 ( 8) 
IIE 27 + 4.5 -( 8) 139 + 45 ( 8) 282 + 50 ( 6) 400 + 48 ( 8) 
eat 81 == 8.9 (iil) 173 + 40 (11) 268 + 32 (10) 358 + 27 (11) 


* Enzyme activities are expressed as ymoles of substrate converted/g dry wt of liver/hr. Ail 
assays were carried out at 25°C, except homogentisate oxidase which was measured at 37.7°C. 


+ No. of animals. 


then declined. Fewer animals were observed 
in the late period, so the decline in amount 
may not be significant. 

The rats were grouped according to the 
amount of homogentisate they individually 
excreted shortly before they were killed for 
enzyme assays, regardless of the length of 
time they were on the diet. Group I included 
all rats that excreted less than 5 mg of the acid 
in 24 hours, Group II included rats that 
excreted from 5-50 mg, and Group III 
included the rats which excreted more than 
50 mg of the acid. The mean levels 


in control rats and in the 3 groups of ex- 
perimental rats of homogentisate excreted 
and of the liver enzyme levels are given in 
Table I. No significant changes in the levels 
oxidase 


of p-hydroxyphenylpyruvate oc- 


10 


(op) 
te} 


hb 
(o) 


HGA in 24 hour urine 


mg. 
ine) 
(2) 


10 20 30 40 50 60 


Days on high tyrosine diet 


FIG. 2. Excretion of homogentisic acid by rats on 

high tyrosine diet. The mean homogentisic acid con- 

tent in 7 groups of urine collections from male rats 

on a 5% L-tyrosine diet are represented by the dots. 

The lengths of the bars are equal to 2 X S.E. The 

number of urine collections at each interval is indi- 
cated by the number near each dot. 


curred. Rats on the experimental diet had 
lower activities of the homogentisate oxidase 
and tyrosine transaminase than those on a 
stock diet. No explanation of the lowered 
enzyme levels in these animals can be offered, 
although it might be mentioned that on this 
diet they grew like the controls and at the 
end of 8 weeks showed an average gain of 
40% of the initial body weight. The homo- 
gentisate oxidase levels in the 3 groups on the 
experimental diet were not significantly differ- 
ent from each other. The tyrosine trans- 
aminase levels were lowest in Group I, inter- 
mediate in Group II, and highest in Group 
III, paralleling the amount of homogentisate 
excreted by these groups. Exactly the same 
relationship between enzyme activity and 
alkaptonuria was found when groups of rats 
sacrificed early and late in the experiment 
were compared. 


The ratio of tyrosine transaminase activity 
(the effective source of homogentisate) to the 
homogentisate oxidase activity (which dis- 
posed of homogentisate) should determine the 
steady state concentration of homogentisate 
available for urinary excretion. These ratios, 
calculated from the enzyme assays on in- 
dividual animals and then averaged, are given 
in Table II for the controls and for each of 
the 3 groups of rats. There are highly sig- 
nificant differences in the ratios for the differ- 
ent groups, with the higher ratios, represent- 
ing a surplus of homogentisate formation over 
disposal, being present in the groups excret- 
ing more homogentisate. 

Discussion. | Experimental alkaptonuria 


provides an excellent opportunity for the 
study of the relation between an altered living 
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TABLE II. Correlation of Ratio of Tyrosine 

Transaminase Activity to Homogentisate Oxidase 

Activity in the Liver with Homogentisie Acid Ex- 
cretion. 


Tyrosine 
transaminase 
Homogentisate 
oxidase 


Homogentisi¢ acid 
(mg in 24 hr urine) 


Rats — (Mean =-- 8. E.)——_—_ 
Controls — .24 + .020 (14) 
Group | 1+ .48( 8)* .26 + .022 ( 8) 

IT 27 +45 ( 8) .36 + .045 ( 8) 
IIL 81+8.9 (11) .49 + .036 (11) 


Statistical significance of the differences in en- 
zyme levels between groups, as evaluated by the 
a test, is as follows: P <.1 for Group I vs Group 
II; P <.05 for Group II vs Group III; P <.001 
for Group I vs Group IIT. 

* No. of animals. 


state and the changed enzyme levels in tis- 
sues. All the relevant enzymes occur pre- 
dominantly in one organ, the liver, and they 
all can be measured. Any increased forma- 
tion or decreased degradation of homogenti- 
sate producing a greater supply would be im- 
mediately reflected in an increased rate of 
renal excretion, since in man, at least, homo- 
gentisate is cleared by the kidney at the 
glomerular filtration rate(10). The enzymes 
concerned with both the formation and the 
degradation of a metabolite must be measured 
to identify the critical enzyme changes caus- 
ing the accumulation of the metabolite. The 
occurrence of physiologically significant adap- 
tive changes in the enzyme levels will be re- 
vealed by the appearance of alkaptonuria, and 
a quantitative comparison can be made be- 
tween the degree of the enzyme change and 
the amount of homogentisate excreted. Fi- 
nally, the absolute values of enzymic rates 
measured in vitro have no direct relation to 
the rates of the reactions which occur in vivo, 
and the identification of the limiting reactions 
must depend upon the correlation of enzyme 
changes with the metabolic changes. 

The decrease in homogentisate oxidase 
without change in the pHPP oxidase which 
occurred when the rats were given the experi- 
mental diet was the sort of metabolic adapta- 
tion which might have led to alkaptonuria. 
That it did not (Group I) suggests that 
homogentisate oxidase was not the limiting 
reaction under these conditions. The fact 
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that no pHPP was excreted and that the un- 
changing activity of pHPP-oxidase could 
transmit the effects of the increased activity 
of the transaminase preceding it in the meta- 
bolic pathway (Groups II and III) suggests 
that pHPP oxidase activity was also greater 
than that of the other enzymes under the con- 
ditions present in the cell. Tyrosine trans- 
aminase, the effective source of homogentisate 
in this metabolic sequence, and homogentisate 
oxidase, the degradative reaction for homo- 
gentisate, were present in near rate limiting 
amounts. This is indicated by the absence of 
alkaptonuria when the amounts of both these 
enzymes were reduced by the experimental 
diet, so long as the ratio of their activities re- 
mained the same as in normal animals (Group 
I), and by the appearance of alkaptonuria 
when the ratio of transamination to homogen- 
tisate degradation increased (Groups II and 
Liye 

In all known forms of alkaptonuria 
there is a predominance of homogentisate for- 
mation over its metabolic removal, and renal 
defects do not cause the condition. In the 
hereditary form of human alkaptonuria the 
discrepancy between formation and removal is 
referrable to decreased removal due to rela- 
tive inactivity of the genetically controlled 
homogentisate oxidase. The chemical inhibi- 
tion of this enzyme by a-a-dipyridyl in vivo 
has produced a similar form of alkaptonuria 
(9). In the experimental alkaptonuria studied 
here the predominance of homogentisate for- 
mation over its removal is referrable to in- 
creased formation due to an adaptive increase 
in the tyrosine transaminase, possibly the re- 
sult of the high substrate feeding(6). The 
amount of this increase (Group I compared 
with Group IIT) represented an increase in the 
potential transaminating ability of a whole 
rat from 15 mmoles to 24 mmoles per day, 
equivalent to the formation of 1.5 ¢ of extra 
homogentisate per day. Less than 10% of 
this amount would have to escape degrada- 
tion by homogentisate oxidase for the ob- 
served excretion of up to 100 mg of homo- 
gentisic acid per day to occur. 

Summary. Experimental alkaptonuria of 
rats maintained on a high tyrosine diet is as- 
sociated with an increased ratio of activity of 
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the tyrosine transaminase to activity of the 
homogentisate oxidase in the liver. This 
type of alkaptonuria is therefore the result of 
an adaptive increase in relative rate of homo- 
gentisate formation, in contrast to the relative 
decrease in rate of homogentisate degradation 
believed to be responsible for hereditary al- 
kaptonuria in man. 
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Katz and Lindner(1) have shown that small 
increments in the concentration of potassium 
(K) in defibrinated blood perfusing the fibril- 
lating dog heart result in coronary vasodila- 
tion, whereas large increments of K produce 
vasoconstriction. Dawes(2) observed a simi- 
lar relationship between blood K concentra- 
tion and changes in arterial flow in the per- 
fused hind limbs of cats and dogs. Since small 
increases in K levels decrease vascular resis- 
tance and since K is released from actively 
contracting muscle(3,4), Dawes(2)  sug- 
gested that the K ion originating in the 
muscle may be responsible for the increased 
flow which accompanies muscular contraction. 
The present study was undertaken to deter- 
mine to what extent the coronary vasodilation, 
which occurs during increased metabolic ac- 
tivity of the myocardium, could be accounted 
for by the release of K from muscle cells. 

Methods. Ten dogs weighing 14.6 to 20.7 
kg were used in these experiments. The 
animals were anesthetized with sodium pento- 
barbital (30 mg/kg) and the chest was opened 


* Supported by grant from Natl. Heart Inst., 
UES ERE S: 


in the fourth left intercostal space. Lung in- 
flation was maintained by positive pressure 
artificial respiration and heparin (180 mg) 
was given to prevent blood clotting. The cor- 
onary sinus was cannulated via the right 
atrium and the venous outflow directed 
through rubber tubing into the right external 
jugular vein. The left coronary artery was 
cannulated with an Eckstein cannula(5) and 
received blood from the right common carotid 
artery via a pump perfusion system which 
maintained a constant perfusion pressure in- 
dependent of aortic pressure. Mean coronary 
blood flow (CBF) was measured by an op- 
tically recording rotameter and mean _ per- 
fusion pressure (PP) and phasic aortic 
pressure (AP) were recorded by modified 
Gregg manometers. In the first set of 
experiments several concentrations of KCl 
were infused proximal to the rotameter 
(to insure complete mixing of blood and in- 
fusate) at a constant rate of 0.93 cc per min- 
ute. Concentrations of KCl were used which 
were calculated to increase the animal’s serum 
K level by 1.5, 3.0 and 6.0 meq/I. Record- 
ings of CBF, AP, and PP were taken 2 min- 
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TABLE I. Effect of Intracoronary Administration of Potassium on Coronary Blood Flow. 
Coronary blood flow, 
Infused K+, Coronary artery K*, Coronary sinus K*, ee/100 g perfused % change 
meq/min. meq/1 meq/1 heart/min. CBF 
Exp. No. Control Exp Control Exp. Control Exp. 

1 ails} 2.56 4.23 100.5 114.1 +13.5 
4 all} 3.28 4.37 3.29 3.89 72.0 71.8 - 3 
6 13 3.05 4.39 2.8 3.70 54.8 54.6 —- 44 
8 13 2.50 5.84 102.3 110.4 + 7.9 
7 13 3.09 5.40 3.26 4.80 41.6 58.0 +39.4 
6 26 5.80 4.80 49.4 59.9 +21.3 
8 .26 3330) 6.20 106.3 116.5 + 9.6 
1 26 7.48 94.0 100.7 + 7.1 
7 26 7.50 6.10 62.8 59.9 — 4.6 
2 .26 3.72 8.33 59.0 ppaleil +20.5 
1 52 8.96 86.7 104.4 +20.4 
10 52 3.60 9,10 3.55 8.70 128.5 152.7 +18.8 
6 52 9.50 9.10 50.1 67.9 +35.5 
8 52 3.00 10,00 101.7 114.3 +12.4 
4 39 10.10 9.67 67.7 74.2 + 9.6 
2 52 12.10 56.8 fele9 +26.6 


* Plus (+) indicates an increase and minus (—) a decrease. 


utes after the start of the infusion. At this 
time flows were stabilized at a new level. Ar- 
terial blood samples were drawn from the tub- 
ing just proximal to the inflow cannula, and 
coronary sinus blood samples were taken 
simultaneously from the tubing distal to the 
coronary sinus cannula. K_ concentrations 
were determined by flame photometry. A 
second recording of CBF, AP, and PP was 
taken immediately after the blood samples 
were collected. Measurements reported here 
represent the average of the records taken be- 
fore and after the blood collection. The per- 
fusion with KCl was then stopped and the 
CBF allowed to return to the pre-perfusion 
level. Control records of CBF, AP and PP 
and control samples of coronary arterial and 
venous blood were taken prior to each infusion 
of K. Control infusion of 0.9% NaCl at a 
rate of 0.93 cc/min. was without significant 
effect on CBF. 

In the second set of experiments, CBF was 
increased by methods which augment myo- 
cardial metabolism and by asphyxia. The 
rate of cardiac metabolism was elevated by 
1) intracoronary administration of 2,4-dini- 
trophenol (1.3-2.7 mg/min.) and epinephrine 
(9.3-18.6 wg/min.) and 2) constriction of the 
aorta distal to the left subclavian artery (to 
increase cardiac work). Asphyxia was induced 
by temporarily stopping the respirator. Re- 
cording of CBF, PP, AP and blood sampling 


were conducted as described above. After 
each experiment the perfused portion of the 
heart was stained, excised and weighed, and 
CBF has been expressed as flow per 100 g of 
perfused heart muscle. 

Results. In the first group of experiments 
(Table I) a constant infusion of KCl pro- 
duced a measurable increase in CBF in 13 of 
16 experiments, with an average increase of 
17.7%. The rise in flow was not related to 
the concentration of K added to the perfusate, 
nor to the final plasma K concentration. No 
vasoconstriction was observed even when plas- 
ma K levels reached 12.1 meq/1. The infu- 
sions of KCl produced no significant altera- 
tion in heart rate or arterial pressure. 

In the second group of experiments, infusion 
of 2,4-dinitrophenol or epinephrine, produc- 
tion of asphyxia, or increased arterial resis- 
tance resulted in moderate to marked increases 
in CBF (Table Il). The average increase in 
CBF with asphyxia was 60.5%, with epineph- 
rine 63.6%, and with DNP 35.4%. The re- 
sults with acute hypertension were variable: 
a 14% increase occurred in one animal and no 
significant change occurred in two other dogs. 
Although flow was significantly increased by 
several different procedures, no significant 
changes in coronary sinus plasma K concen- 
trations or in K arteriovenous differences were 
observed. 


Discussion. Intracoronary administration 
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TABLE II. Effect of Increasing Coronary Blood Flow on Coronary Sinus Blood Potassium Levels. 


wont 


Change 
Exp, — Method of Coronary artery Coronary sinus O.B.F., c¢/100 g % change eee 
No. increasing CBF K+ cone., meq/l K+ cone., meq/l perfused heart/min. CBF meq/1 5 
Control Exp. Control Exp. Control Exp. 
4 Asphyxia 3.66 3.25 4.11 3.87 67.2 130.2 + 93.8 +.17 
3 : 3.33 3.46 3.26 3.13 97.4 112.9 + 15.9 + .26 
6 ss 3.50 3.48 4.10 4.00 92.2 125.4 + 36.0 308 
11 ; 2.57 4.47 2.48 3.73 84.5 116.0 + 96.4 +.83 
Ii Acute hypertension 2.45 2.58 2.46 2.61 80.5 77.9 = 32 +.02 
1H) Idem 2.81 2.89 2.69 2.81 74.0 75.5 + 2.0 — .04 
4 y 3.79 3.61 3.83 Bo 60.1 72.4 + 20.4 +.14 
Dinitrophenol 
11 (1.3 mg/min.) 2.56 2.46 2.66 2.58 79.7 100.6 + 26.2 — .12 
ial (2.7 ee ) 3.00 2.52 2.78 2.61 67.2 108.5 + 61.5 — .31 
7 (1.5 : ) 3.09 3.09 Al 3.28 63.5 67.2 + 5.8 +.35 
fi (3.7 5 ) 3.10 3.16 63.5 94.5 + 48.8 
10 (2.7 2 ) 3.55 3.20 3.50 3.15 137.5 185.4 + 34.8 00 
Epinephrine 
9 ( 9.3 wg/min.) 2.60 2.50 2.60 2.60 68.8 110.6 + 60.6 — .10 
iat (18.6 us ) 2.84 2.69 2.73 2.20 63.2 1301 +104.4 +.38 
11 ( O33 cs) 2.62 2.79 2.50 2.21 79.0 115.3 + 45.9 +.46 
10 (18.6 Me oo) 2.50 2.85 3.50 2.45 109.5 156.5 + 43.4 +.14 


Plus (++) indicates an increase and minus (—) a decrease. 


of KCl at rates which elevated plasma K from 
1 to 8 meq/1 produced small to moderate in- 
creases in CBF. Although these results con- 
firm those of Katz and Lindner(1) and of 
Dawes(2), it is difficult to make quantitative 
comparisons of their data with ours because 
they did not measure plasma K concentra- 
tions and made almost all of their observations 
on blood flow following single rapid injections 
of KCl. With high concentrations of K these 
investigators(1,2) observed vasoconstriction. 
The concentration of K that must be reached 
in the plasma to induce vasoconstriction can- 
not be accurately determined from their data, 
but it must be in excess of 12 meq/I, since we 
observed only vasodilation at this, or lower, 
concentrations. 

Although the heart beating im sétw is more 
physiological than a fibrillating heart prep- 
aration, flow may conceivably be altered by 
changes in extravascular compression which 
would accompany changes in heart rate or 
force of contraction. However, it is unlikely 
that extravascular compression was  signifi- 
cantly altered in the present study since heart 
rate and aortic pressure were not affected by 
the KCl infusion. 

Procedures which increase CBF by increas- 
ing the oxygen requirements of the heart or 
by decreasing the oxygen supply to the myo- 


cardium were not associated with K release 
from the myocardium. In fact, with one ex- 
ception (Exp. 11—asphyxia), negligible 
changes in K A-V differences occurred and 
most of these were in a positive rather than 
negative direction. In the few instances in 
which the potassium A-V difference decreased, 
the change was due to a fall in arterial rather 
than a rise in coronary sinus K concentration. 
It is possible that the present methods were 
not sensitive enough to detect the release of 
K from the heart. If this is true then the 
concentration of K reached in the vicinity 
of the arterioles is too small to produce 
changes in arterial resistance since concentra- 
tions as high as 12 meq/1 failed to produce 
changes in blood flow of the magnitude seen 
with increases in myocardial metabolism or 
asphyxia. 

These observations do not support the hy- 
pothesis of Dawes(2) that K release from 
muscle is responsible for the reduction in vas- 
cular resistance associated with increased 
muscular activity. The nature of the metabo- 
lite(s) which operate to adjust blood flow 
to metabolic requirements remains obscure. 

Summary. Intracoronary infusion of KCl 
sufficient to elevate coronary arterial plasma 
K concentration to levels of from 4.23 to 12.10 
meq/l produced increases in CBF averaging 


508 


17.7%. The changes in CBF produced by 
KCl infusion did not parallel the changes in 
plasma K concentration. Infusion of 2,4-dini- 
trophenol or epinephrine, asphyxia, or in- 
creased aortic pressure (all factors which are 
known to increase myocardial oxygen con- 
sumption and coronary blood flow) did not 
result in the release of K from the myo- 
cardium. Therefore, it appears unlikely that 
K release from active myocardium is respon- 
sible for adjustment in coronary resistance 
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which accompanies changes in metabolic ac- 
tivity of the myocardium. 
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Sulfhydryl-containing compounds such as 
cysteine and cysteinamine have been shown 
to be very effective in protecting against the 
lethal effects of ionizing radiations(1-3). As 
one approach to understanding the mechanism 
underlying this protection we have measured 
in human serum the levels of sulfhydryl 
(-SH) and disulfide (-S—S—) and their reac- 
tion to ultraviolet (UV) light, detergent, and 
electrolysis. 

Materials and methods. The serum used 
in these studies was freshly prepared from the 
blood of young (20-25 years) and older (40- 
50 years) human subjects and from various 
types (metastatic carcinoma of the throat and 
rectum) of cancer patients from the Ghent 
University Clinic. The sulfhydryl and disul- 
fide determinations were accomplished using 
one of the amperometric methods described 
by Kolthoff et al.(4). The —SH determina- 
tion was carried out in an ammonia buffer 
(0.1 M NH,OH, 0.3 M NH,4NOs); after de- 
aeration of the buffer solution with purified 
nitrogen(5) the serum was added and titrated 
with a 0.002 or 0.001 M solution of AgNO; 


* This work performed under the auspices of the 
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at —0.30 volt, vs. a standard calomel electrode. 
The total volume was 20 ml. The —S—S— de- 
termination was carried out in ammoniacal 
medium in the presence of sulfite (0.1 M NH, 
OH, 0.1 M NH4NOs, 0.2 M NaeSOs). The 
AgNOs solution and the potential were identi- 
cal to that used in the —SH determination. 
The nitrogen content of the serum was deter- 
mined by an amperometric method which 
makes it possible to analyze very minute 
quantities of serum (down to 0.02 ml) in 15 
minutes(6). UV irradiation. A UV lamp 
(type 16200, Hanovia Chemical and Manu- 
facturing Co., Newark, New Jersey) was used 
to irradiate a quartz cell with a diameter of 
1.27 cm and a length of 8.40 cm. The dis- 
tance from the cell to the lamp was 6 cm. An 
aliquot of serum, diluted 1:16 with air-free 
phosphate buffer (0.1 M Nas.HPO,, 0.01 M 
NaH2PO,; pH 7.29), was pipetted into the 
cell, which was closed hermetically after puri- 
fied nitrogen had been passed over the sam- 
ple(4). A current of cold air was blown over 
the cell in order to avoid a rise of temperature 
during the experiment; after 2 hours of irra- 
diation the temperature rose 1°C. Aluminum 
foil was used as a reflector behind the cell. 
Anionic Detergent. To test the effect of an 
anionic detergent upon -SH and -—S-S-— 
groups, 0.5 ml of serum was placed in 20 ml 
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of 7.5 x 10° M sodium laurylsulfate for 15 
minutes. The —SH and —S—S-— determinations 
were carried out according to the technic men- 
tioned above. Electrolysis. Different meth- 
ods have been used in order to reduce —S—S— 
in proteins. One of these is reduction with 
sodium amalgam (10%) in acid or basic me- 
dium. Using this method we found that after 
30 minutes the -SH value of serum rose from 
the normal 6.7 mg/100 ml only to 8.7 mg/100 
ml, which was not adequate for our purposes. 
Hata(7) has described a technic for oxidizing 
cysteine to cystine in different acid media by 
electrolysis. By applying a modification of 
this technic to serum proteins we were able 
to obtain a high degree of reduction of —S—S-. 
Serum was used in a 1:20 dilution in a me- 
dium containing 0.05 M HCl and 0.5 M KCl. 
The applied potential was 90 volts, over an 
agar bridge saturated with KCl; the current 
was 40 ma. The reaction was carried out in 
an air-free medium(4), and the thermostat 
was set at-20.00> C =- 0:02: 

Results. After 2 hours of UV irradiation 
the —SH content of a sample of normal serum 
was 42 mg/100 ml. When the proteins of the 
serum were precipitated with 20% sulfosali- 
cylic acid, the filtrate contained only 1.3 mg 
—SH, which indicates that the -SH of the se- 
rum is still contained in proteins of high 
molecular weight. 

To investigate the behavior of -—S-S— 
groups under influence of UV light, 4 ml of 
5 x 10° M cystine solution in 0.05 M HCl 
was placed in a quartz cell and diluted to 8 
ml with air-free phosphate buffer. After ir- 
radiation of the solution for 30 minutes, 0.724 
x 10° moles —S—S— was reduced to —SH, 2.07 
x 10° moles of —S-S— was unchanged, and 
44% of —S—-S— was lost by oxidation or break- 
down of the molecule. After UV irradiation 
of a 7% albumin solution diluted 1:16 with 
the air-free phosphate buffer, the content of 
—SH increases with the duration of irradiation 
(Fig. 1). In the case of normal serum a 
greater amount of —SH and =o is tound 
after irradiation. We shall refer to this in- 
crease in detectable -SH and —S—S— as reac- 
tivity. Fig. 2 gives an example of normal 
serum titrated after different periods of irra- 
diation. During these experiments it was 
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also found that non-irradiated serum con- 
tains reactive —S-S— groups, which are am- 
perometrically detectable. When one-day- 
old serum was used, the -—SH and -—S-S- 
contents were lower than that of fresh serum, 
and the reactivity of the groups was lower. 

In cases of cancerous serum the same phe- 
nomenon was manifested. However, the re- 
activity is much greater; there are more 
titratable -SH and —S—S— groups after the 
irradiation period, compared with normal se- 
rum, and fewer -SH and —S-S— groups de- 
tectable in the untreated serum (Fig. 3). 

In young persons up to 25 years the aver- 
age —SH content of the serum is 6.8 mg/100 
ml serum (mean of 200 individuals, range 5.6 
to 8.6 mg/100 ml serum). In older persons 
(40 years of age) the average content is 5 
mg/100 ml serum (mean of 200 individuals, 
range 4.3 to 6.9 mg/100 ml serum). The re- 
activity of the -SH groups after UV radiation 
is, however, much greater in older persons 
than in the case of younger ones. 

The average -SH content of cancerous se- 
rum is 3.3 mg —SH/100 ml serum (mean of 
150 individuals, range 2.3 to 5.4 mg/100 ml 
serum), the reactivity of the groups is much 
higher compared with the sera of normal per- 
sons. The —S—-S— content averages 7.2 mg/ 
100 ml serum (range 4.0 to 9.2 mg/100 ml 
serum) for normal persons, and 12.1 mg/100 
ml serum (range 7.3 to 14.0 mg/100 ml se- 
rum) in the cases of cancerous serum. The 
overlapping of the -SH and —S—S— contents 
between normal and cancerous sera makes a 
differentiation on that basis difficult; the er- 
ror factor is 12%. 

The greater amount of -SH and —S-S- 
found after irradiation can be explained by 
the unfolding property of the molecules, by 
which more of these groups become free, a 
reaction that occurs also when the molecules 
are under influence of a detergent. 

Cystine and serum behave differently under 
the influence of UV light; cystine is destroyed, 
while serum gives more titratable -SH and 
—S—S— groups. 

The reactivity of these two groups is of 
great significance if correlated with the work 
of Bacq et al. (1) and Maisin et al.(2) who 
studied the protective properties of sulfhy- 
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dryl compounds such as cysteinamine (,- 
mercaptoethylamine, Bécaptan). The effec- 
tiveness of this compound can perhaps be ex- 
plained by absorption of radiation energy, as 
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shown previously in the case of cysteine. An- 
other, and more likely possibility(8) is that 
complexes are formed between the compound 
and the other -SH and —S—S— groups in the 
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_ FIG. 2. Amperometric -SH and -S-S-— determination of normal serum after UV irradiation; 
dilution 1:16. A, normal -SH content of fresh serum; A’, normal —S—S— content of fresh serum; 
B, normal —SH content of serum one day old; B’. normal —-S-S-— content of serum one day old. 


Fig. 3. Amperometric -SH and -S-S— determination of cancerous serum after UV irradiation: 
dilution 1:16. A, normal -SH content of fresh serum; A’, normal —S-S-— content of fresh serum ; 


? 


B, normal -SH content of serum one day old; B’, normal -S-S-— content of serum one day old. 


FIG. 4. No text. 
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FIG. 5. Amperometric —SH titration of normal serum 

(A and C) and a 7% albumin solution (B) after 

electrolysis; 1 ml in 0.05 M HCl and 05 M KCl. 
Total volume 20 ml, current 40 ma, 90 volts. 


serum. This complex formation can be shown 
polarographically; the stoichiometric equiva- 
lent could not be determined. In this reaction 
the amino groups seem to play an important 
role. 

Under the influence of a detergent, sodium 
laurylsulfate, an effect similar to that of UV 
light was noticed. However, the amounts of 
—SH and —S-—S-— released were lower, and the 
difference between sera of young and older 
persons was also less distinct. 

If the serum proteins were precipitated in 
pH 3.7 acetate buffer (0.1 N acetic acid, 0.1 
N sodium acetate) and redissolved in pH 9 
ammonia buffer, the -SH and —S—S— values 
were higher than those obtained by direct 
determinations under the influence of the de- 
tergent without any precipitation. These ex- 
periments make it clear that under the in- 
fluence of a detergent the spiral structure of 
the proteins unfolds, and a greater number of 
—SH and —S-—S— groups can be detected. 

After 4 hours of electrolysis (Fig. 4) 92 
mg of —SH per 100 ml of a normal serum were 
detected (Fig. 5). The reaction of a 7% 
albumin solution is given for comparison. The 


results of these experiments show again that 
sera of younger persons have a lower reac- 
tivity compared to those of older persons. 
However, as in the experiments with sodium 
laurylsulfate, the difference is less marked 
than in the experiments with UV. 

After electrolysis in basic medium (0.5 M 
NH,OH and 0.25 M NH,Cl), no greater 
amounts of -SH and —S—S— could be detected; 
e.g., after 2 hours no —SH could be deter- 
mined and a cathodic current appeared. The 
nature of this reaction has not been deter- 
mined. 

Summary. 1) Reactivity of sulfhydryl and 
disulfide groups in normal and cancerous sera 
was studied under the influence of UV radia- 
tion, detergents, and electrolysis. We were 
able to demonstrate that serum as such con- 
tains reactive —S-S— groups, and that the re- 
activity of -SH and —S—S— differs according 
to age and for normal and cancerous serum. 
2) The greater amount of —SH and -S-S— 
found after irradiation could be due to un- 
folding of the spiral structure of the protein 
and consequent release of the residual bonds. 
The energy required for normal serum is 
greater in the case of younger people (up to 
25 years) than for older people (aging effect) 
and also greater for normal serum than for 
cancerous ones. 3) Sodium laurylsulfate also 
greatly increased the -SH and —S—S— content, 
which can be explained by the unfolding 
property of the molecule. The electrolysis of 
serum in acid medium made it possible to re- 
duce —S—S— groups in proteins; the response 
of serum to this treatment is described. The 
possible relation of these results to the pro- 
tective action of —SH against irradiation is 
discussed. 
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Humoral Conditioning for Production of Acute, Massive Myocardial 


Necroses by Neuromuscular Exertion.* 
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H. SELYE AND S. RENAUD 
Institut de Médecine et de Chirurgie expérimentales, Université de Montréal, Montreal, Canada 


Previous experiments have shown that 2- 
methyl-9(a)-chlorocortisol (Me-Cl-COL), ad- 
ministered in combination with either basic 
or acid phosphates, results in acute, massive 
myocardial necroses in the rat(1). The pos- 
sible relationships between this experimental 
lesion and the cardiac infarcts of man have 
not yet been studied. Since it is well known 
that neuromuscular effort is likely to precipi- 
tate myocardial infarction in predisposed peo- 
ple, the question arose whether this would also 
be the case in rats sensitized by threshold 
amounts of Me-Cl-COL and phosphate. 

Materials and methods. Eighty female 
Sprague-Dawley rats, with an average initial 
body-weight of 101 g (range: 95-110 g), were 
subdivided into 4 equal groups, as indicated 
in Table I. Me-Cl-COLt was administered 
subcutaneously, in the form of its acetate, as 
a microcrystal suspension of 50 »g in 0.2 ml 
of water, once daily. NaH»POy, was given by 
stomach tube, as a 15% aqueous solution, at 
the dose of 2 ml, twice daily. Neuromuscular 


strain was induced by maintaining the rats 
on a board with adhesive tape, for a period of 
17 hours, starting 78 hours after the initiation 
of the Me-Cl-COL and NaH2PO, treatment. 
The animals of all 4 groups were killed with 
chloroform, 5 hours after the release of the 
restrained rats. The hearts and the kidneys 
of half of the animals in each group were fixed 
in Susa solution for subsequent staining with 


hematoxylin-eosin, and those of the other half 


in neutral formalin for the subsequent demon- 
stration of calcium deposits by v Kossa’s sil- 
ver nitrate stain. For both of these purposes 
the tissues were embedded in paraffin. 

Results. The principal results of these ex- 
periments are summarized in Table I. 

Upon naked-eye inspection at autopsy, the 
most striking change was the presence of large, 
light-yellow patches throughout the myo- 
cardium in all the animals of Group IV (Fig. 
1). Similar, though less extensive lesions were 
also seen in 20% of the rats in Groups II and 
III, but not in Group I. 


TABLE I. Humoral Conditioning for Production of Acute, Massive Myocardial Necroses by 
Neuromuscular Exertion. 


Myocardial lesions Nephrocalcinosis Ge 

Group Treatment Incidence Severity* Incidence Severity* (%) 
I Me-Cl-COL 0 0 0 0 0 
II 2%. + Restraint 20 Eo 0 0 0 
III i + NaH,PO, 20 4 100 2.0 0 
IV ‘: + Restraint + NaH,PO, 100 2.6 100 2.0 50 


* Severity of the lesions was assessed both macro- and microscopically, in terms of an arbi- 
trary scale of 0-3; figures in this column are the means of these readings. 


* Supported in part by a grant from the Gustavus 
and Louise Pfeiffer Research Foundation and by a 


Grant from the Muscular Dystrophy Association of 
Canada. 


t Generously supplied by The Upjohn Co. 
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Histologically, the yellowish patches proved infiltrated by polymorphonuclear leukocytes 
to consist of necrotic cardiac muscle, partly and monocytes (Fig- 2). The histogenesis of 


FIG. 1. Characteristic organ changes in a rat of Group IV. A. Cut surface of heart showing 

multiple large myocardial necroses in wall of ventricle and in papillary muscles as they appear to 

the naked eye. B. Similar infarcts underneath external surface of the same heart. C. Cut surface 

of kidney showing white spots of nephrocalcinosis at the cortico-medullary junction. D. Small 

focus of myocardial necrosis. Some of the affected muscle fibers stain particularly dark with eosin, 

others are pale and in the process of dissolution (X 320). E. A similar myocardial focus infiltrated 
with polymorphonuclear leukocytes and monocytes (X 320). 
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these lesions will be discussed in detail else- 
where; suffice it to mention here that, although 
histochemically demonstrable, fine granules of 
calcium were visible in certain areas of the 
myocardium, there appeared to be no close 
relationship between these and the necrotic 
areas. Indeed, most of the focal necroses 
contained no histochemically demonstrable 
calcium. 

Nephrocalcinosis occurs readily in rats 
treated with mineralocorticoids and_phos- 
phates(2). Accordingly, this change was pro- 
nounced in Groups III and IV of the present 
series, but absent in Groups I and II, in which 
Me-Cl-COL was given without excess phos- 
phate. There appeared to be no obvious re- 
lationship, however, between intensity of the 
nephrocalcinosis and the myocardial necroses; 
the latter were evident in 20% of the rats, 
both in Groups II and III, although in the 
former there was no nephrocalcinosis, while 
in the latter pronounced renal calcification 
was detectable in every animal. 

Deaths occurred only in the animals in 
Group IV and were preceded by signs of 
cardiac failure, particularly dyspnea and pro- 
nounced cyanosis. 

Discussion. Our earlier investigations have 
shown that even intense nephrocalcinosis, if 
produced by excess phosphate alone, does not 
cause myocardial necrosis(1). A lack of rela- 
tionship between intensity of renal calcifi- 
cation and the cardiac changes is also appar- 
ent in the observations reported here. It is 
clear, furthermore, that Me-Cl-COL alone 
does not produce either myocardial or renal 
lesions, but merely “conditions” the organism 
for the production of such changes by an ex- 
cess of NaH2PO,. It is also evident that, in 
rats maximally sensitized for the production 
of myocardial necrosis by conjoint treatment 


with Me-Cl-COL plus NaH2PO, (and, to a 
lesser extent, in those sensitized only by Me- 
CI-COL), the neuromuscular exertion conse- 
quent to forced restraint elicits acute, massive 
myocardial necroses. It remains to be seen 
whether the muscular effort or the frustration 
of forced restraint is most important in the 
production of these infarct-like changes; in 
any event, presumably, increased cardiac work 
during effort is a decisive factor. It is dubious 
whether the myocardial lesions are true in- 
farcts; they are so acute that it is impossible 
to determine by histological means whether 
the death of muscle fibers is due to a primary 
metabolic derangement in the myocardium, or 
the secondary result of insufficient blood-sup- 
ply; indeed, both factors may play a part. 

Summary. Following pretreatment with 2- 
methyl-9(a)-chlorocortisol (Me-Cl-COL), a 
brief period of neuromuscular effort (induced 
by force restraint) can elicit acute, massive 
myocardial necroses in the rat. When 
NaH»PO, was administered in addition to 
Me-Cl-COL during the pretreatment period, 
such changes occurred in 100% of the experi- 
mental animals, during or immediately after a 
period of forced restraint. 


Addendum: Since this manscript went to press, it 
has been possible to show that combined treatment 
with cortisol and NaH,PO, produces similar mas- 
sive myocardial necroses in the rhesus monkey. 
These findings will be published in detail elsewhere ; 
they are mentioned here only because they demon- 
strate that the principal natural glucocorticoid is also 
effective and that the primate responds like the rat in 
this respect. 


1. Selye, H., and Renaud, S., Am. J. Cardiol., 1957. 
2. Selye, H., and Bois, P., Am. J. Physiol., 1956, 
v187, 41. 
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A Culture Strain (LAC) of Human Epithelial-Like Cells from an 


Adenocarcinoma of the Lung. 
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SAMUEL BARON AND ALAN S. Rapson (Introduced by G. A. Hottle) 
Division of Biologics Standards, and Laboratory of Pathology, Natl. Cancer Inst. NJ.H., 
Bethesda, Md. 


A number of tissue culture cell lines de- 
rived from human tissues have been reported 
(1,4). Only two of these cell lines have been 
isolated from patients with carcinoma of the 
lung and in neither case was the isolation 
made directly from the primary tumor. One, 
the ““Maben” cell, was derived from pleural 
fluid of a patient with an adenocarcinoma of 
the lung(3), and the other, the Detroit 6 cell, 
originated from the bone marrow of a patient 
with lung cancer(5). The purpose of this re- 
port is to describe the isolation, maintenance, 
morphological characteristics and some of the 
viral susceptibilities of a cell line (strain 
LAC) derived from a human adenocarcinoma 
of the lung. 

History of cell strain. A right pneumo- 
nectomy was performed on a_ 55-year-old 
white man with an adenocarcinoma of upper 
lobe of the right lung on Oct. 19, 1955. His- 
tologically the tumor was composed of large 
areas of undifferentiated carcinoma (Fig. 1) 
as well as areas of well differentiated adeno- 
carcinoma (Fig. 2). Mucin secretion by tu- 
mor cells was demonstrable with Mucicar- 
mine, the Rhinehart stain, and the periodic- 
acid Schiff reaction after diastase digestion. 

Some of the tumor was treated with trypsin 
solution according to the method of Young- 
ner(6). Another portion was finely minced 
and suspended in Eagle’s basal medium with- 
out trypsin digestion. Both cell preparations 
were then centrifuged and resuspended in a 
medium consisting of 40% human serum and 
60% Eagle’s basal medium. Aliquots were 
placed in 2-oz. prescription bottles. 

Results. Within 2 days, groups of cells 
were evident on the glass surfaces in all cul- 
tures. The cells were elongated and pleomor- 
phic and were fibroblast-like in appearance. 
They had elongated nuclei with prominent 
nucleoli (Fig. 3). Scattered through the cul- 
tures were groups of larger irregularly shaped 
cells with nuclei containing coarse chromatin 


granules and large nucleoli which frequently 
had a peri-nucleolar halo (Fig. 4). Cell 
growth was not rapid and only 6 subcultures 
were made over an 11-week period. Small 
colonies of epithelial-like cells were first noted 
in the 6th subculture. These cells rapidly 
outgrew the slowly multiplying fibroblast-like 
cells. In Fig. 5, a culture of these epithelial- 
like cells is seen with a large atypical mitotic 
figure in center of field. Nuclear pleomor- 
phism and hyperchromatism are evident with 
several small irregularly shaped nucleoli pres- 
ent. Phagocytosis of degenerating cells by 
other cells may be seen. 

Four cultures of the epithelial-like cells 
were preserved by freezing so that they would 
be available if the cell line were lost. Preser- 
vation of cell cultures was done using a 
modification of established technics(7-9). 
Glycerol, USP, (sterilized by autoclaving at 
10 lb pressure for 15 minutes) was added to 
make a 15% final concentration of glycerol. 
The stopper was secured to the 2-oz. culture 
bottle with masking tape and the cells under 
the glycerol-containing medium were allowed 
to freeze slowly in a solid carbon dioxide stor- 
age chest at approximately —70°C. For use, 
the culture was rapidly thawed in a 37°C 
water bath with resulting loss of attachment 
of the cells to the glass surface. The cells 
were then sedimented at 500 rpm for 10 min- 
utes in the International, size 2, centrifuge, 
the supernatant decanted, the cells resus- 
pended in fresh growth medium in a 2-oz. cul- 
ture bottle and incubated at 36°C. Cell mul- 
tiplication was evident within 24 hours. It 
was estimated that % to % of the cells sur- 
vived such prolonged storage.* Shortly 
thereafter all active cultures of the LAC cell 
were lost due to a combination of poor cul- 


* Other tissue culture cell lines have been pre- 
served in this manner (HeLa (Gey), D189 (Leigh- 
ton), J96 (Osgood), monkey kidney) for as long 
as 18 months. 
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tural conditions and bacterial contamination. tained continuous rapid proliferation for over 

A culture which had been stored frozen for 14 months. 0.25% trypsin solution was used 
3 months was thawed and cultivation was re- to suspend cells for passage. The human se- 
sumed. Subsequently the cell line has main- rum content of the growth medium has been 


(a « 2 @ YY, es 


PLATE 1. All photomicrographs are taken at 420 x magnification, 


FIG, 1. Section of primary carcinoma of lung in an undifferentiated area. (Hematoxylin & 


FIG. 4. Large irregularly shaped cells in early tissue culture passag 
(Papanicolau stain). 


FIG. 5. Epithelial-like cells in later tissue culture passages of carcinoma of lung. 


FIG. 6. Tumor in subcutaneous tissue of cortisone-treated irradiated rat after injection of LAC 
cells. Note resemblance to primary tumor in upper left. (H & 19), 
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TABLE I. Virus Susceptibility of LAC Cell. 


Maintenance Cytopath- 
Virus medium * Passages ogenesis§ Remarks 
’Poliovirus—Type Ip BMEt+ 10% ES} 5 + 
Coxsackie B2 Idem By + 
ae A9 ' 1 0 
Vaceinia 3 5 + 
Herpes simplex 3 + Tsolated directly from human 


OU 


Sendai 


Yellow fever BME + 4% ES 


SJeold sone 
0 Cytopathogenesis on Ist pas- 
sage only 


Before maintenance medium was added, tubes were rinsed 3 times with serum-free BME. 


+ Basal Medium Eagle. 
+ Horse serum. 


§ Titrations of infectivity were not performed. 


decreased to 10% with undiminished rapid- 
ity of growth. 

Transplantation to rats. It has been pos- 
sible to transplant the cell line to cortisone- 
treated irradiated rats both subcutaneously 
and intraperitoneally with production of tu- 
mor nodules(11,12). In the sections of these 
nodules in the rat, collections of epithelial 
cells with morphologic features of an undif- 
ferentiated carcinoma are seen (Fig. 6). 
These are similar to the undifferentiated areas 
in the primary tumor (Fig. 1). In this re- 
gard it is of interest that intracellular mucin 
has been found in these tumor nodules in the 
rat, and the mucin has the same staining re- 
actions as mucin found in the well-differen- 
tiated portions of the original tumor from 
which the cell line has been derived. It 
should be noted that tumor nodules with a 
similar histologic appearance and with intra- 
cellular mucin-like material have been pro- 
duced in rats after injection of HeLa cells. 

Susceptibility to viruses. Cultivation of a 
number of viruses on the LAC cells was at- 
tempted. The viruses used included Mahoney 
strain of Type I poliovirus, Coxsackie A9 and 
B2t, monkey kidney adapted vaccinia virus, 
Sendai virus, and the yellow fever virus (17D 
vaccine strain). Since this part of the study 
is continuing, a preliminary summary is pre- 
sented in Table I. 


+ Coxsackie A9 and B2 viruses were obtained from 
Dr. Alexis I. Shelokov, monkey kidney adapted vac- 
cinia virus was obtained from Dr. Joel Warren, and 
Sendai virus was obtained from Dr. Kenneth K. 
Takemoto. 


Discussion. The histogenetic concepts of 
the derivation of epithelial-like cell strains 
and transformations of fibroblast-like cells to 
epithelial-like cells in tissue culture have been 
discussed in considerable detail recently (1,10, 
13) and will not be considered in this report. 

A new tissue culture cell line is in some 
ways analogous to a new bacteriologic medium 
used for the study of previously uncultured 
microorganisms. Such cell strains might sup- 
port and indicate the growth of as yet unde- 
tected viruses. The use of a tissue culture 
cell derived from bronchial type epithelium 
would seem to be of special value in attempts 
to isolate agents from respiratory diseases. 
The viral spectrum of the LAC cell (Table I) 
is as yet not sufficiently complete to allow 
final evaluation of the usefulness of the cell; 
however, further viral studies are now in 
progress. 

Summary. 1) Isolation, maintenance, and 
morphological features of a cell strain (LAC) 
derived from a human adenocarcinoma of the 
lung are described. 2) Preliminary viral 
studies indicate that the LAC cell is suscep- 
tible to poliovirus, Coxsackie B2 virus, vac- 
cinia virus and herpes simplex virus. 


The authors would like to acknowledge the tech- 
nical assistance of Mr. George D. Gardner and Mr. 
Richard J. Low. 


1. Berman, L., and Stulberg, C. S., PRoc. Soc. Exp. 
Brot. AND Mep., 1956, v92, 730. 

2. Eagle, H., ibid., 1955, v89, 362. 

3. Frisch, A. W., Jentoft, V., Barger, R., and Losli, 
E. J., Am. J. Clin, Path., 1955, v25, 1107. 

4. Jordan, W. S., Proc. Soc. Exp. BroL. AND MED., 


Oy ed 


1956, v92, 867. 

5. Berman, L., Stulberg, C. S., and Ruddle, F. H., 
Blood, 1955, v10, 896. 

6. Youngner, J. S., Proc. Soc. Exp. Brov. AND MED., 
1954, v85, 202. 

7. Scherer, W. F., and Hoogasian, A. C., ibid., 1954, 
v87, 480. 

8. Merryman, H. J., Science, 1956, v124, 515. 

9. Polge, C., Smith, A. U., and Parkes, ASS 
Nature, 1949, v164, 666. 


Effect of Glucagon on Gastric Secretion. 


GLUCAGON AND GASTRIC SECRETION 


10. Leighton, J., Kline, I., and Orr, H. C., Science, 
1956, v123, 502. 

11. Toolan, H. W., Proc. Soc. Exp. Brot. AND MED., 
HO, Aut, SIA 

12. Suskind, R. G., Huebner, R. J., Rowe, W. P., 
and Love, R., ibid., 1957, v94, 309. 

13. Westwood, J. C. N., Macpherson, I. A., and 
Titmus, D) B. J. Brita J. Exp. Path., 1957, v38, 138. 


Received September 13, 1957. P.S.E.B.M., 1957, v96. 


(23525) 


R. M. Rosinson, Kettu Harris, C. J. HLap AND B. EISEMAN 
Department of Surgery and Radioisotopes, University of Colorado Medical School and Denver 
Veterans Admin. Hospital. 


Zollinger and Ellison(1) recently have de- 
scribed a group of patients with progressive 
recurrent benign peptic ulcerations of the 
duodenum and upper jejunum associated with 
non-beta cell (presumably alpha celi) adeno- 
mas of the pancreas. These patients charac- 
teristically have a very high rate of gastric 
secretion and resistance to medical and surgi- 
cal therapy. Although some of these patients 
have coexisting multiple adenomatosis of 
other endocrine glands(2) there is no clinical 
or laboratory evidence of hyperinsulinism. 
Since glucagon is secreted by pancreatic islet 
alpha cells which resemble the tumor cell 
type, Zollinger and Ellison suggested that glu- 
cagon might be the ulcerogenic factor. This 
study was designed to determine the effect of 
glucagon on gastric motility and secretion 
and thus to investigate(3) the likelihood of 
this substance being of pathogenic significance 
in the peptic ulceration associated with these 
bizarre pancreatic tumors. 

Materials and methods. Gastric secretion: 
Nine adult males (age 29 to 59 years) were 
used; 4 of these patients had proven duodenal 
ulcer; 3 were diagnosed as psychophysiologic 
gastrointestinal reactions; and the remaining 
2 patients were hospitalized for minor surgical 
problems unrelated to the gastrointestinal 
tract. Soon after awakening in the morning 
after a 12-hour fast, the patient was placed at 
bed rest for approximately 30 minutes before 
the experiment was begun. A No. 16 Levine 


tube was placed in the stomach and connected 
to a constant source of suction (100 mm Hg) 
with an intervening trap for collection of gas- 
tric secretions. The stomach was emptied and 
the initial specimen discarded. Gastric aspir- 
ation specimens were collected at 15-minute 
intervals during a one-hour control period, at 
the conclusion of which 1.5 mg of glucagon* 
in 10 cc of saline was rapidly injected by way 
of a previously established intravenous saline 
infusion in the forearm, and collections con- 
tinued as before. The test period was con- 
tinued for a maximum of 2 hours longer, or 
until the post glucagon infusion secretory rate 
approached the pre-infusion control. Venous 
blood samples were drawn without stasis from 
an indwelling needle in the antecubital vein 
and analyzed in duplicate. Capillary blood 
was drawn from a finger puncture. Glucose 
concentrations were determined by the Nel- 
son-Somogyi method(4). The volume and 
free hydrochloric acid content was determined 
on each 15-minute sample(5). Gastric mo- 
tility studies were performed on a series of 8 
patients, 4 of whom had proven duodenal ul- 
cers, the other 4 serving as normal controls. 
Motility was measured by an intragastric bal- 
loon attached to a recording device as de- 
signed by Hlad. As with the secretory studies, 
a one-hour pre-glucagon injection period was 


* Kindly supplied by Eli Lilly Co., Indianapolis, 
Ind. 
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TABLE I. Effect of Glucagon on Gastrie Secretion. 


Mean gastric secretory 
vol (ml/min. ) 


Mean HCl secretory 
rate (meq/min. ) 


Arterio-venous 
difference (mg %) 


Following Following Following 
Control glucagon Control glucagon Control glucagon 
i 26 8 04 .02 4 13 
2 40) 30 m5) 12 3 2 
3* 29 18 .03 0 3.5 13.5 
4 14 7 02 0 4 9 
5m 21 4 03 004 3 3 
6 14 7 0 0 2.5 3 
7 8 2.5 .02 004 7 gy 
8 7 4 01 002 1 18 
9 34 13 0 0 4 20 


* Proven peptic ulcer. 


used for the baseline control. 

Results. The effect of intravenous adminis- 
tration of glucagon on the gastric secretory 
volume and its hydrochloric acid content is 
demonstrated in Table I and a typical experi- 
ment shown in Fig. 1. Following glucagon in- 
fusion there was a diminution in the total vol- 
ume of gastric secretion; (mean 57%, range 
25%-85%); and in the total and free hydro- 
chloric acid fractions (mean 82%; range 
50%-100%). In each instance gastric mo- 
tility diminished following administration of 
intravenous glucagon. Both the diminution 
in gastric motility and the secretory changes 
occurred at the time of maximum arteriove- 
nous blood glucose differences, but there was 
no definite correlation between the degree of 
peripheral glucose utilization and the degree 
of gastric response. The maximum response 
routinely occurred during the 30 minutes im- 


EFFECT OF GLUCAGON ON GASTRIC SECRETION 


& = HCL Secretion 
oF meq /min. 
= Gostric Secretion 
cc/min. 


Venous 


Gastric Secretion 
HCL Secretion 
meq/ min 


mediately following glucagon administration 
and in no instance did it persist for more 
than ninety minutes. There was no evidence 
of a later rebound response as described by 
Poth(6). 

Discussion. The ulcerogenic properties of 
pancreatic secretion have been under investi- 
gation for many years. Complete diversion of 
pancreatic secretions by fistula from the gas- 
trointestinal tract(7), and pancreatic duct 
ligation(8,9) both produce peptic ulceration, 
presumably by the removal of the alkaline 
pancreatic juice. Since total pancreatectomy 
does not result in ulceration, some pancreatic 
hormonal influence apparently is of impor- 
tance in protecting against ulceration. 

Hyperinsulinism, either from tumor or ex- 
cessive administration, results in hypersecre- 
tion of HCl, and ulceration presumably due 
to the resultant hypoglycemia(10). Contrari- 
wise, hyperglycemia in diabetes has been as- 
sociated with a diminished incidence of pep- 
tic ulceration(11). Stunkard and Van 
Itallie(3) suggest that this effect is more in- 
timately related to the glucose a-v difference 
(z.e., utilization) than to the absolute blood 
glucose concentrations. 

These previous studies(12) and the data 
presented in our experiments, suggest that the 
hyperglycemia and the increased glucose a-v 
difference(13) produced by glucagon results 
in diminished gastric motility, diminished to- 
tal gastric secretory volume, and diminished 
hydrochloric acid secretion, activities that are 
associated with anti-ulcerogenic properties. 
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It seems unlikely, therefore, that the ulcero- 
genic factor in non-insulin producing adeno- 
mas of the pancreatic islet cells is glucagon. 
Such ulceration may result from an endocrine 
dysfunction related to the co-existing multiple 
adenomatosis, or to some as yet undiscovered 
pancreatic hormone. 

Summary. 1. Diminution in gastric mo- 
tility, gastric secretory rate, and hydrochloric 
acid production has resulted from glucagon 
administration in 17 patients. 2. These 
antiulcerogenic properties suggest that some 
factor other than glucagon is responsible for 
the severe peptic ulcerations commonly as- 
sociated with non-insulin producing tumors 
of the pancreatic islets. 
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Development of Tolerance to Depressant Effects of Atropine on Isolated 


Rabbit Ileum.* 


(23526) 


H. E. D’Amarto, M. R. Biair AND B. B. CLark 


Department of Pharmacology, Tufts University School of Medicine, Boston, Mass. 


The development of acquired resistance 
(tolerance) to the depressant action of atrop- 
ine on gastrointestinal motility has been ob- 
served in man and in the dog(1,2). While 
suggestion of a related phenomenon in the 
isolated rabbit intestine can be found in the 
literature(3-5), a clear, controlled demonstra- 
tion of the development of such tolerance in 
vitro has not been made. The work reported 
below is limited to studies of the depressant 
effects of atropine sulfate (atropine) and 
adiphenine hydrochloridet (adiphenine) on 
the amplitude of spontaneous contraction of 
the longitudinal muscle of isolated rabbit 


* This work was supported in part by Squibb 
Institute for Medical Research, and Smith, Kline 
and French Fn. 

+ Adiphenine hydrochloride — diethylaminoethyl 
diphenylacetate hydrochloride (Trasentine hydro- 
chloride: Ciba). 


ileum. The results indicate that in this prep- 
aration tolerance to the effect of atropine is a 
reproducible and _ reversible phenomenon. 
Similar tolerance to adiphenine does not de- 
velop. 

Methods. Sections of rabbit ileum were cut 
in lengths of 2 to 3 cm and mounted according 
to the classical method of Magnus in a bath 
containing 100 ml of oxygenated Tyrode’s 
solution. Recordings of spontaneous contrac- 
tions were effected electrically on a kymo- 
graph, the recording current being automatic- 
ally shut off 10 sec of every minute. Con- 
tractions were recorded continuously for 5 
min before and for 10 min after each addition 
of drug to the bath solution. At the end of 
these 10 min the bathing fluid was replaced 
with fresh Tyrode’s solution. Second and 
third replacements followed at 2 min intervals. 
The ileum was then considered to be washed. 
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FIG. 1. Development of tolerance to atropine (40 
ug%). Tracing A illustrates effect of first application 
of atropine; B, the second; C, the fifth; and D, the 
seventh. Time of application is indicated by the 
arrow. 

This overall procedure was usually repeated 
every 30 min over a period of 3 to 5 hr. Con- 
centrations of the drugs were expressed as mg 
or pg of the salt per 100 ml of bath solution 
(mg% or pgJo). 

Results. Atropine Tolerance. Repeated ap- 
plication of atropine (40 pg%) at 30 min 
intervals as described above invariably re- 
sulted in the development of tolerance, such 
that the sixth or seventh application pro- 
duced little, if any, depression of the height of 
spontaneous contraction A typical experi- 
ment is shown in Fig. 1. Studies of 16 sec- 
tions of ileum are summarized in Fig. 2. Curve 
B represents the average response to the 
first application of the above concentration of 
atropine, while curve C represents the average 
response to the sixth application. When once 
developed, tolerance persisted with continued 
periodic administration of atropine over the 
total course of 5 hr (10 applications of drug). 
The possibility that atropine tolerance was 
produced solely by the repeated washings of 
the ileum was investigated in the following ex- 
periment. Eleven sections of ileum were sub- 
jected to washings every 30 min for 2% hr. 
Atropine (40 »g%) was then applied for the 
first time. Curve A in Fig. 2 shows the 
average depression of height of spontaneous 
contractions produced by this application. 

Evidence for Accumulation of Atropine. The 
degree of spasm induced by 10 pe%o acetyl- 
choline chloride (Ach) was determined for 
each of 10 sections of ileum. After 10 min 
of exposure the sections of ileum were washed. 
Tolerance to atropine was then developed by 
the usual procedure viz., 5 applications of 
atropine with each application followed 10 min 


later by the usual washing. After the final 
washing the degree-of spasm induced by the 
same concentration of Ach was again deter- 
mined. The development of tolerance re- 
duced the average spasmodic response to Ach 
by approximately 75% of its control value. 
Inasmuch as this response to Ach does not 
change with semi-hourly applications and 
washings of the drug over 3 hr, the observed 
reduction is probably referable to incomplete 
removal of atropine by the washing process 
and a resultant accumulation of atropine. In 
9 sections of ileum tolerance to atropine was 
developed by the usual procedure. The prep- 
arations were subsequently washed at 30 min 
intervals for 214 hr, after which time atropine 
was again applied. The average results, 
shown in figure 3, support the probability of 
an association between the phenomenon of 
atropine tolerance and the accumulation of 
atropine within the tissues. 

Adiphenine. Experiments were performed 
to investigate the possible occurrence of a 
similar type of tolerance in response to re- 
peated applications of adiphenine. Sections 
of ileum were repeatedly treated with 1 mg% 
adiphenine in a manner similar to that de- 
scribed for atropine. Fig. 4 (upper tracing) 
illustrates the average reductions in height of 
spontaneous contractions in response to the 
first (solid line) and sixth (broken line) ap- 
plications of adiphenine to 9 sections of ileum. 
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FIG. 2. Effect of washings on response of the rabbit 
ileum to atropine. See text. 
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FIG. 3. Effect of washings on previously developed 

tolerance to atropine. Curve A represents average 

response to first application of atropine; B, the fifth; 

and C, the sixth. Between the fifth and sixth appli- 

cations the ileum was washed at 30 min intervals 
for 2% hr. 
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In no experiment was there any evidence of 
the beginning of the development of tolerance 
even over a time period of 5 hr. Moreover, 
when this concentration of adiphenine was 
applied to ileum which had been rendered com- 
pletely tolerant to atropine, the depression 
was as great as it was in non-tolerant ileum. 
Fig. 4 (lower tracing) shows the average re- 
sults of 4 experiments in which (a) 1 mg% 
adiphenine was applied to fresh ileum (solid 
line), (b) the ileum was made tolerant to 
atropine by the usual procedure, and (c) 1 
mg% adiphenine was again applied (broken 
line). 

Discussion. The results reported in this 
paper demonstrate the occurrence, under cer- 
tain conditions, of a type of motility of smooth 
muscle, which is refractory to atropine. While 
the nature of the mechanisms responsible for 
this phenomenon are at present unknown, the 
phenomenon itself may be of great practical 
value. Hitherto, the degree of antispasmodic 
activity of an agent has been expressed in 
terms of its proportion to the degree of ac- 
tivity of atropine, papaverine and/or pyriben- 
zamine. Adiphenine, for example, has been 
described as possessing low atropine-like ac- 
tivity as determined by its ability to reduce 
spasms induced by acetylcholine. On the 
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other hand, because of its relatively high ac- 
tivity in depressing spasms induced by barium 
chloride, adiphenine is usually classified as a 
papaverine-like compound. Controversial data, 
concerned with the mode of action of barium 
chloride itself(6,7) further complicate this 
classification. The results presented in this 
paper reveal a clearly demonstrable difference 
between the actions of adiphenine and atro- 
pine on a physiological entity, viz., amplitude 
of spontaneous contraction. Investigations of 
other antispasmodic agents on this prepara- 
tion, with particular regard to their tendency 
to develop tolerance and to their action on 
atropine tolerant motility, would contribute 
significantly to the elucidation of true simi- 
larities and differences in antispasmodic ac- 
tivity. 
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FIG. 4. Upper tracing: depressant effects of adi- 


phenine (Trasentine ) (1 mg%). Lower tracing: ef- 
fect of adiphenine on atropine tolerant motility. 
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Summary. 1) Repeated exposure of isolated 
sections of rabbit ileum to atropine (40 ng%), 
with washings 10 min after each exposure, re- 
sults in development of tolerance, such that by 
sixth or seventh exposure, the depressant ef- 
fects of atropine on height of spontaneous con- 
traction are minimal or even abolished. The 
phenomenon of tolerance appears to be associ- 
ated with gradual accumulation of atropine 
within the tissue. 2) Repeated exposure of 
rabbit ileum to adiphenine (1 mg%) results 
in no observable tendency toward the develop- 
ment of tolerance. Moreover, when adiphe- 
nine is applied to ileum which previously has 
been made tolerant to atropine, adiphenine is 


523 


fully effective in depressing the height of 
spontaneous contraCtion. 
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A Kwashiorkor-Like Syndrome Observed in Monkeys Fed Maize.* (23527) 


RicHarp H. Fortis, Jr. 
V. A. Central Laboratory for Anatomical Pathology and Research, Armed Forces Institute of 
Pathology, Washington, D.C. 


To understand all aspects of the patho- 
genesis of a particular disease in man, one 
should be able to reproduce it in the experi- 
mental animal. This has been eminently 
true in the evolution of our knowledge of 
certain human nutritional disease syndromes, 
such as ’beriberi, scurvy, rickets and pellagra; 
for great advances were made in an elucida- 
tion of the biochemical and anatomical altera- 
tions in these disease states when they could 
be studied in the laboratory. In contrast, our 
woeful ignorance of the pathogenesis of such 
diseases as endemic goiter and, until recently, 
pernicious anemia stems from the fact that 
the physiologic and morphologic pattern has 
not yet been produced in experimental ani- 
mals. Today, kwashiorkor has world-wide 
distribution and a high prevalence. Although 
clinical studies, particularly those dealing 
with therapy, have revealed something of its 
pathogenesis, a more basic understanding is 


* Portions of data presented herein were sup- 
ported by grants in aid from Amer. Cancer Soc. to 
the Committee on Growth and Division of Research 
Grants, U. S. Public Health Service (H-2999). 


likely to be obtained if the disease can be re- 
produced in the laboratory. 


Kwashiorkor is one of a group of several 
syndromes which occur endemically and 
which are associated in many parts of the 
world with an intake of virtually a single 
foodstuff. In the case of kwashiorkor this 
foodstuff is maize. Many years ago corn was 
shown to be deficient in certain inorganic ele- 
ments, amino acids and vitamins(1); hence, 
it is not surprising that a multiple disease syn- 
drome might follow extended use of this 
grain. Because investigations dealing with 
deficiencies of single essential nutrients have 
now furnished a baseline of biochemical and 
anatomical changes which may occur in many 
animal species, the time appears favorable to 
renew the study of multiple deficiency states 
such as those which may be produced by 
feeding single natural foodstuffs. We have 
recently undertaken such a program in this 
laboratory in an attempt to reproduce in ex- 
perimental animals certain nutritional diseases 
which occur naturally in man and whose 
pathogenesis is not clear. In the present com- 
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munication we wish to describe a syndrome 
having many of the characteristics of kwashi- 
orkor which has been observed to develop in 
monkeys fed maize. 

Materials and methods. Twelve monkeys 
(Cercopithecus griseoviridis or aethiops) have 
been under study to date. All were young 
growing male or female specimens whose exact 
age was unknown, though each was in the 
process of acquiring its second dentition. 
They were housed in a well-ventilated, con- 
stant temperature, windowless room in stain- 
less steel cages having coarse screen bottoms 
over cedarwood shavings. Tap water was al- 
lowed ad libitum. For 8, the basic foodstuff 
was ground unenriched yellow cornmeal 
(Wilkins Rogers Milling Co., Washington, 
D.C.) which was made into mush with water 
and fed raw or as cakes after heating in the 
oven. On analysis the corn contained per 
100 g dry weight: protein, 10.2; lipid, 7.6; 
ash, 1.04; calcium, 55 mg; phosphorus, 215 
mg; ascorbic acid,t .72 mg; thiamine,t .50 
mg; riboflavin,t .18 mg; and vit. A,t 230 LU. 
No other foods were given save occasional 
lumps of sugar and ascorbic acid; as noted be- 
low. One animal received an adequate com- 
mercial ration supplemented with sources of 
vit. C. Three monkeys, used in another study 


t These analyses were performed through the 
courtesy of Major R. A. Huseby, M. C., Medical 
Nutrition Laboratory, Denver, Colo. 


WEEKS 
FIG. 1. Growth curves of 2 animals fed maize (M-2 and M-4) and a control (M-8). 


were fed rice supplemented with ascorbic acid 
and were utilized as inanition controls since 
their weights paralleled those of the group 
fed maize. Animals were fed and watered 
every day and weighed weekly. Blood for 
chemical determinations was withdrawn from 
the femoral vein. Liver biopsies were per- 
formed aseptically under local anesthesia 
with a Vim-Silverman needle. Total lipid in 
liver tissue was determined by ethanol-ether 
extraction. Complete autopsies were per- 
formed when animals died. Microscopic sec- 
tions of all organs were made by routine tech- 
nics. Microradiographs of ground sections of 
bone were made with Phillips C.M.R. equip- 
ment. 

Results. After being placed on the diet a 
gradual loss of weight occurred. As shown 
in Fig. 1 for 2 representative animals, this 
loss was not excessive: a total of 800 and 600 
g in 35 and 41 weeks per animal, when initial 
weights were approximately 2350 g. In con- 
trast, the control gained 1500 g in a similar 
period. During the 18th week both animals 
shown in Fig. 1 exhibited clinical scurvy: 
loosening of the teeth, bleeding gums, and 
weakness of the lower extremities. One de- 
veloped small subcutaneous hemorrhages over 
the surfaces of the arms and legs. Ascorbic 
acid (100 mg) was administered at this time, 
with complete amelioration of these signs. 
Vit. C therapy was continued at bi-weekly in- 
tervals and has been administered to all 
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maize-fed animals since that time. mals became listless and apathetic. They 
As the deficient state progressed, the ani- could be handled without difficulty, making 


FIG. 2. A. Section from liver of monkey M-4 dying after 41 weeks on corn diet. There is extreme 

diffuse fatty infiltration (H. and E., X 90). B. Section from liver of animal autopsied after 13 

weeks on maize diet. Fat is present only in cells of peripheral (periportal) portions of liver lobules. 

Note 2 central veins in this field (oil red O, X 35). C. Section from liver of animal (M-2) dying 

after 35 weeks to show extensive fatty change (oil red O, X 100). D. Biopsy of liver from animal 

(M-9) which has been on maize regimen for 14 weeks. There is periportal fatty change (H. and E., 
X 100). 
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TABLE I. Liver Lipid and Plasma Protein Con- 
centrations. 


Weeks % liver 
No. on diet lipid Total Alb. Glob. 
+ 41 M* 22.8 3.53 95 2.58 
2 35 M 15.0 3.87 1.16 2.71 
13 7M 5.1 6.0 
8 0 6.80 4.01 2.79 
12 0 7.05 
10 0 6.8 
] 0 4.2 
5) 34 R* 3.9 6.9 


* M — Maize diet; R — Rice diet. 


no attempt to retreat to the rear of the cage. 
They assumed a characteristic pose, sitting in 
the corner of the cage with head bent forward 
between front and hind limbs so that it al- 
most touched the floor. Only when im ex- 
tremis did the animals lie on their sides. Peri- 
orbital edema was noted in a female after 26 
weeks of the deficiency. Examination at this 
time revealed edema about the external geni- 
talia. Loss of hair over the top of the head 
was seen at the time edema became manifest 
in this animal. No loss of hair has been ob- 
served in other monkeys, nor has there been 
any change in color of the coat. 


In 3 animals which have come to autopsy, 
the most prominent finding has been an in- 
crease of fat in the liver by chemical analysis 
(Table I). In the animal living longest (41 
weeks) the fatty change is extreme. Less fat 
is present in the liver of a monkey living for 
35 weeks and least in one dying after 7 weeks 
on the corn diet. Histological examination of 
the liver confirms the chemical findings. In 
the most severely affected livers all cells are 
distended with vacuoles which in frozen sec- 
tions stained with oil red O prove to be lipid 
(Fig. 2). In such livers the distribution of 
fat is uniform throughout. Studies of earlier 
stages either at autopsy or on biopsy indicate 
that fat accumulation appears first in the peri- 
portal regions of the lobules and then spreads 
to involve the remainder of these structures. 
In 2 animals dying after 35 and 41 weeks on 
the diet iron pigment is present in large 
amounts within the liver cells. No inflam- 
matory cells nor any increase in reticulum 
fibers have been noted. 

Other alterations which have been found on 
microscopic examination are atrophy of intes- 


tinal glands, loss of lipids in the adrenal cor- 
tex and arrest in growth of the bones. No 
changes have been found in the pancreas. In 
the colon there is cystic dilatation of the mu- 
cosal glands whose lining cells are flattened. 
Cross sections of the cortices of the long bones 
reveal failure of the normal primary bone to 
be replaced by osteons (Fig. 3). Hence the 
skeletal tissue is more immature than it 
should be at this age. . No evidence of osteo- 
malacia 1s present. 

As shown in Table I, concentrations of to- 
tal plasma proteins were reduced in the 2 ani- 
mals dying in the late stages of the deficiency. 
These monkeys had high fat concentrations 
in the liver. Periportal fat accumulation was 
beginning in the animal (M-13) sacrificed 
after 7 weeks, at which time the plasma pro- 
tein concentration was not particularly re- 
duced. Current biopsy studies of the liver in- 
dicate that fatty infiltration antedates changes 
in plasma protein concentrations. 

Discussion. As it is observed in various 
parts of the world today, the kwashiorkor syn- 
drome may be characterized as follows: 1) 
Retardation of growth, 2) Weight loss with 
muscular wasting, 3) Apathy and other psy- 
chic changes, 4) Dermatitis and pigmentary 
alterations in the hair, 5) Edema with hypo- 
albuminemia, 6) Enlargement of the liver as 
a result of fatty infiltration which begins in 
the periportal areas, and 7) Gastrointestinal 
disturbances(2). The disease is seen in chil- 
dren who have been weaned to a diet which is 
poor with respect to both quantity and qual- 
ity of protein. A corn diet furnishes insuf- 
ficient protein, which is deficient in at least 2 
amino acids: tryptophan and lysine, and in 
which there may be imbalances in amino acid 
content as well(3). Since the early studies of 
McCollum(1) on the feeding of cereal grains 
to non-ruminants, corn has often been used in 
rations which were employed to study nutri- 
tional disease. For instance, the experimental 
production of rickets(4) in rats and black- 
tongue in dogs(5) depended on a high pro- 
portion of corn in the dietary regimens. Re- 
cently interest has been reawakened in corn 
because of its presence in large amounts in 
the diet in areas where kwashiorkor is en- 
demic. Studies dealing with the inadequacies 
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FIG. 3. A. Microradiogram of anterior cortex of tibia of normal monkey (M-8). Note numerous 


Haversian systems replacing the membranous bone. 
(M-2) dying after 35 weeks on corn. There had been no growth (see Fig. 1). 


B. Cortex from same area of tibia of animal 
Only a few osteones 


have appeared. There is no evidence of osteomalacia (both, 50). 


of this cereal grain, particularly with respect 
to protein have been reported (6,7,8,9). Such 
investigations have dealt primarily with 
growth studies in rats. However, Shils and 
his co-workers(8) have examined the livers 
of rats fed corn diets; in these animals peri- 
portal fatty infiltration has been observed. In 
all the studies just referred to save those of 
Gillman ef al.(9) the corn rations have been 
supplemented by minerals and vitamins. The 
latter investigators utilized corn diets supple- 
mented only with fermented milk and_ ob- 
served fatty livers which developed scarring. 
In our experience rats which have been fed a 
completely unsupplemented corn diet exhibit 
an entirely different disease syndrome (10) 
than that which has just been described in 
the monkey; hence it is felt that the rat is 
not a suitable species with which to work. 
The experiments herein recorded have now 
been in progress for some time. Chemical 
studies, serial biopsies of animals now under 
observation, as well as the autopsy findings al- 
ready mentioned, all appear to indicate that 
a syndrome rather similar to kwashiorkor can 
be produced in monkeys. Obviously the prob- 


lem is a long term one, but in view of these 


promising findings it is felt this report is war- 
ranted in hopes that others may begin to 
study this syndrome. 

Summary. Growing monkeys have been 
maintained up to 41 weeks on a diet of maize. 
Animals exhibit growth failure, loss of weight, 
weakness, apathy, edema with hypoalbumine- 
mia and fat accumulation in the liver, which 
begins periportally and then spreads to in- 
volve the entire lobule. This syndrome ap- 
pears to have many of the characteristics of 
kwashiorkor in children. 
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Anticoagulant, Lipemia Clearing and Other Effects of Anionic 
Polysaccharides Extracted from Seaweed. (23528) 


J. C. Houck, R. K. Morris ann E. J. Lazaro (Introduced by John C. Rose) 
Surgical Research Metabolic Laboratory and Department of Surgery, Georgetown University 
Hospital, Washington, D. C. 


Recent investigations have been made of 
the effects of heparin-like compounds on 
blood coagulation and lipemia clearance(1,2). 
This paper describes the hematologic and 
other responses to a number of such com- 
pounds, several of which have not been pre- 
viously studied. These materials were pre- 
pared from aqueous extracts of red seaweeds, 
and are galactosans of varying degrees of 
sulphation. 


Materials and methods. Carrageenan, a 
sulphated galactosan, and 6 other sulphated 
polysaccharides were studied.* Hyaluronate 
(3) and the chondroitin sulphates A(4) and 
B(5) were prepared using previously de- 
scribed methods. Measurements of lipemia 
were performed by reading directly the opti- 
cal density of plasma in 12 x 70 mm cuvettes 
at 650 mp» in a Coleman Jr. spectrophoto- 
meter. Clotting times were determined in a 
series of small tubes 4” in diameter contain- 
ing 1 ml whole blood at 27°C. The tubes 
were inspected for coagulation every 1% min- 
ute. The endpoint was taken as the time 
when a tube could be placed on its side with- 
out any corresponding shift in blood level. 
Differential cell counts were done in triplicate. 
The hematoxylin-eosin and Hotchkiss-Mc- 
Manus periodic acid Schiff stains were done in 
the usual manner. Reducing activity was 
measured by a modification of the Park and 
Johnson procedure (6). 


Twelve dogs were fed triolein (4 g/kg) 
after an overnight fast. The optical density 


* Seaplant Corp. of New Bedford, Mass., through 
the courtesy of Leonard Stoloff. 


of the plasma of all fasted animals was ini- 
tially less than 0.09. Water was permitted 
ad lib. In 45 determinations on 12 dogs, all 
plasma turbidities two hours after feeding 
were within the range of 0.24 to 0.48 optical 
density unit (mean 0.41 + 0.05). Immedi- 
ately after removing 6-7 ml of blood 2 hours 
after the fat meal, the various polysaccharides 
prepared in a concentration of 2 mg/ml of 
saline were injected intravenously at a dose of 
1 mg/kg body weight. Fifteen minutes after 
injection, a second blood sample was obtained. 
Blood was withdrawn in clean syringes and 
immediately added to tubes containing dry 
heparin. Samples of this blood were placed 
in clotting time tubes. 

An aqueous solution of sodium heparinate 
was prepared containing 10 mg/ml and di- 
luted with an equal volume of 0.3 N NaOH. 
After boiling this mixture for 15 minutes, the 
solution was cooled and 2 volumes of ethanol 
were added. The precipitate was removed by 
centrifugation and washed repeatedly with 
ethanol. This material demonstrated a three- 
fold increase in reducing activity. A similar 
heparin solution was prepared using 6.0 N 
NaOH. The reducing activity increased some 
15-fold and the molecule was partially desul- 
phated. These materials were termed heparin 
A (normal), B (0.30 N NaOH), and C (6.0 
N NaOH). 

The seaweed extracts were purified by dis- 
solving the commercial grade material in hot 
water and precipitating with isopropanol. 

Results. The anticoagulant and lipemia 
clearance activities of the compounds de- 
scribed above were determined in triplicate. 
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TABLE I. Effects of Some Anionic Polysaccha- 
rides on Lipemia Clearance and Clotting Time in 
the Dog. 

(All figures represent means of measurements ob- 

P tained in 3 dogs.) 


Turbidity Clotting 


(O.D. at time Com- 
Polysaccharide 650 my) (min.) ments 
None .30-.48 5-10 
Hyaluronate Ry) 5 
Chondroitin sulphate A 30 6.5 
18 25 18 
Heparin A 09 45 
B 10 40 
Cc 10 15 
Carrageenan 44 5.5 a 
Extracts of: 
1) Fureellariafestigiate  .38 5.5 ne 
2) Eucheuma spinosum 39 12 cde 
3) Gigertina acicularis 40 50 de 
4) ie pistillate Pow 6 de 
5) H radula 36 6 de 
6) Iridaea 40 5 de 
* dr — drowsiness, | — lethargy, de = defecation. 


Results are given in Table I. The range of 
response within any given trio of dogs was 
small. All dogs given the seaweed polysac- 
charides displayed yawning and lethargy, and 
fell asleep for about 10 minutes immediately 
after injection. Most of these animals also 
defecated immediately. The lethargy re- 
sponse occurred in over a dozen different dogs, 
while the anticoagulant activity of extract #3 
(Gigertina acicularis) was not found in 2 of 
this group of 12 animals. 

Unlike heparin, the anticoagulant activity 
of extract #3 increased with time, and was 
still evident 24 hours after injection. This 
change in activity with time was studied in 3 
animals given extract #3 (1 mg/kg). Differen- 
tial cell counts were determined in duplicate 
on each animal as well as the hematocrit and 
clotting time at %, 1, 2, 4, and 24 hours after 
injection. During this time there were no 
changes in rectal temperature nor was any evi- 
dence of hemolysis observed. The anticoagu- 
lant activity was maximal after 4 hours, while 
none of the changes in the differential cell 
count or hematocrit were significantly differ- 
ent from control levels. 

Three dogs were injected with 15 mg/kg 
of this polysaccharide (from Gigertina acicu- 


laris). Arterial and venous pressures and 
electrocardiograms of 2 of these were continu- 
ously recorded. The small changes that oc- 
curred were similar to those produced by 
equivalent amounts of 5% gelatin solutions. 
Both dogs died within 24 hours. The sur- 
vivor was sacrificed at the same time. The 
tissues of these animals were fixed in formalin, 
sectioned and stained in duplicate with H. & 
E. and PAS. 

Microscopically, all organs showed changes 
of venous congestion. The macrophages of 
the spleen and liver were strongly stained by 
PAS, indicating a powerful affinity of the poly- 
saccharide for the reticulo-endothelial system. 

The most remarkable changes were evident 
in the kidneys. The glomerular tufts had 
taken on the appearance seen in membranous 
glomerulonephritis. The basement membrane 
was strikingly thickened, and the glomerular 
epithelium showed vacuolation. 

Discussion. These experiments were de- 
signed using a large amount of triolein (olive 
oil) to produce marked plasma_ turbidity. 
Under these conditions lipemia clearance 
will only occur when a very active compound 
is used. The alkaline degradation products 
of heparin were quite active in this respect, 
although the more degraded material lost its 
anticoagulation activity. The observation 
has been reported by Zollner and co-workers 
(ae 

Extract #3 is a very potent anticoagulant. 
The mechanism of this anticoagulant activity 
is currently under study. The profound path- 
ological changes in the kidney that occur with 
large doses of the polysaccharide give the ap- 
pearance of being a direct reaction with some 
component of glomerular membrane or an ex- 
treme local alteration in osmotic equilibrium. 
Popper e¢ al.(8) have shown that intravenous 
pectin infusions caused a dilation of the renal 
tubules and glomerular spaces, as well as a 
deposition of material that resembles amy- 
loidosis. These effects were also seen with ex- 
tract #3. The renal function of animals so 
treated is under study. 

Summary. A number of anionic polysac- 
charides were investigated with respect to 
their anticoagulant and lipemia clearing ac- 
tivity. Only heparin was effective in clearing 
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the massive lipemia used in this study. This 
effect persisted even when the anticoagulant 
activity was destroyed by alkaline degrada- 
tion. Another potent anticoagulant was found 
in a highly sulphated galactosan isolated from 
seaweed. This compound produced extensive 
pathologic changes in the kidney when admin- 
istered in large doses. 


The authors wish to gratefully acknowledge the 
guidance of Dr. John Rose and Dr. Roger Baker of 
this Hospital. 
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Effect of Some Monosaccharides on Serum Inorganic Phosphate in the 


Normal Dog. 


(23529) 


F. DE VENANZI* 
Instituto de Investigaciones Médicas, Fundaciin Luis Roche, Caracas, Venezuela 


Soon after the discovery of insulin, it was 
found that the hormone has a depressing ef- 
fect upon serum inorganic phosphate(1). A 
similar effect was described after glucose ad- 
ministration(2,3). The action of glucose on 
serum inorganic phosphate appeared to be due 
to induced insulin secretion since it was not 
possible to elicit a normal response in the pan- 
createctomized dog(4), or in the alloxanized 
dog(5). It seemed of interest to study the ef- 
fect of various monosaccharides upon serum 
inorganic phosphate. It has been mentioned 
that glucose, fructose and galactose show a 
depressing effect(6,7). It has been also 
demonstrated that fructose may decrease se- 
rum phosphate in the pancreatectomized dog 
(8). In this paper, the effects of 8 sugars and 
one polyalcohol (D-Sorbitol), independently 
injected by vein and in some cases mixed with 
glucose and/or insulin are reported. 


Material and methods. Apparently normal 
dogs weighing between 12 and 20 kg, fed ad 
libitum on Purina Chow and twice weekly on 
meat, were used. The animals were previ- 
ously trained by repeated venipunctures to 


* The author wishes to express his gratitude to Mr. 
Francisco Pena for his technical assistance. 


avoid fear and anger reactions. When the 
same dog was used for several experiments, a 
previous test was carried out on a different 
day with glucose in order to check whether 
the animal showed a normal phosphate fall. 
The experiments were carried out after a fast- 
ing period of about 15 hours. A venous blood 
sample was taken, the sugar injected in 3M 
solution (1 ml/kg) within a period of one 
minute and new samples obtained at 15, 30, 
45 and 60 minutes. D-Galactose was used in 
1.5M concentration (2 ml/kg). When 2 su- 
gars were administered, one ml of the 3M 
solution/kg of each was injected. Glucagon- 
free insulin (generously furnished by Eli 
Lilly Co.) was used by vein at the dose of 0.1 
U/kg. Serum inorganic phosphate was deter- 
mined in duplicate using the Fiske and Sub- 
barow procedure(9) adapted to the photoelec- 
tric colorimeter. Changes in serum inorganic 
phosphate were expressed in terms of ‘“Del- 
tas” (differences from the initial values in 
mg/100 ml). The statistical significance of 
the results was appraised with the use of the 
“t” test, by comparison with the spontaneous 
variation observed by taking blood samples 
every 15’ up to 60’, under experimental con- 
ditions. The compounds used (C.P.) were: 
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TABLE I. Averages and Standard Errors of Changes in Serum Inorganie Phosphate in mg/100 
ml (Deltas) after Venous Injection of Different Sugars. 


No. of Min. after injection 
exp. 0’ 15’ 30° 45’ 60’ 
D-Glucose 16 4.11 = .23 = .26*+ .05 — .42*+ .07 — .42*+ 05  —.23*- .08 
D-Galactose 10 Biol se alli = 10* =: .05 — .22*+ .05 = ps AU —.20"== .06 
D-Levulose 16 4.08 + .20 = 08 ae d0 SEO) 2 0) SEs ae JG Senate) ae cil} 
L-Rhamnose 6 3.99 + Al +.01 + .06 — .08*+ .03 — .05*+ .04 — .06*+ .06 
D-Sorbitol 6 3.63 + .20 — 44*+ 15 — .40*+ .08 Sil se sig) SEXO Se ake! 
L-Sorbose 6 4,21 + 31 — .33*+ .18 — .48*+ 10 = yrs ie = 17*2= .09 
L-Arabinose 12 3.87 + .24 +.07 + .06 +.04 + .06 +.04 + .07 +.14 + .07 
D-Arabinose 10 3.00 == 220 +.04 + .06 +.20 + .08 +.52*+ .12 +.87 + .10 
D-Xylose 10 3.69 + .16 — .11*+ .03 — .14*+ .04 — .20*+ .07 — .20*+ .05 
Spontaneous 10 3.96 — .26 = 0 se (0 sel} se d0f sec) ae U0 apeaii’ ae pile} 
variations 
* Statistically significant changes as compared to spontaneous variation; t >2. 


(Underlined)—Decreasing effect greater than .30 mg/100 ml. 


D-Glucose,t D-Galactose,t D-Levulose (pyra- 
nose) ,* L-Rhamnose,+ D-Sorbitol,) L-Sorbose 
(Tech.),+ L-Arabinose,+ D-Arabinose* and 
D-Xylose.+ The 3 pentoses were used alone, 
mixed with glucose, with insulin and with 


glucose + insulin. 


Results are shown in Tables I and II. 
Discussion. Previous work(5) has shown 


‘that a decrease in serum inorganic phosphate 


greater than 0.30 mg/100 ml occurred after 
glucose injection in normal dogs, as opposed 


to alloxanized dogs who show little or no re- 


sponse. We have then taken a decrease 
greater than 0.30 mg/100 ml from the initial 
level after administration of a sugar as show- 


ing a definite effect. Levine e¢ al.(8) take as 
significant a decrease greater than 0.20 mg/ 
100 ml. If the fasting levels of serum inor- 
ganic phosphate are taken to vary between 3 
and 5 mg/100 ml and a 5% error in the 
method used is assumed, 0.15 to 0.25 mg/100 
ml is the range of uncertainty to be expected 
in connection with the procedure. 
D-Glucose, L-Sorbose and D-Sorbitol have 
a clear-cut decreasing effect on serum inor- 
ganic phosphate. However, statistical com- 
parison with the spontaneous variation makes 
it appear that D-Galactose, L-Rhamnose and 
D-Xylose have some effect, apparently masked 
by the rise in serum phosphate observed after 


TABLE II. Averages and Standard Errors of Changes of Serum Inorganie Phosphate in mg/100 (Del- 
tas) Induced by Some Pentoses in Mixture with D-Glucose and/or Insulin, 


No. of 
exp. 0’ 15’ 30’ 45’ 60’ 
Tnsulin 6 3.93 4+ .23 —40 +.07 —76 + .16 — 86 2.15 — .66 += .25 
L-Arabinose + insulin 9 Sey ee Oy py SE 00) se ley Se) ae aI Ls} ae 25) 
D-Arabinose+ ” 8 Ro oe OS Ss) 2600 =) se 1G = “Wise sl} = oil) se ae 
D-Xylose ara a 10 ALOT Sil, 32) ==).09 9473) a8) 102 e220 ee 20 
D-Glucose 16 Ah s BR XO se 05 AY Se 0 = ee = .05 -- 23 + .08 
L-Arabinose + D-Glucose 6 4.09 + .33 —14 + .05 -.32 + .10 L7*=+ .08- -- O4* + .07 
D-Arabinose ++ .: 6 ALG) a AO = AOL se aihey 728) Se ally + 32*+ 08 + .62*+ .12 
D-Xylose ~ ee 6 3.68603) ote OR 20) See: 27 +18 = 23 + .14 
D-Glucose + insulin 6 ALD = 82 =74 + 13 —99 = 109 1.07 2.16 —113 =: 13 
L-Arabinose + D-Glucose + insulin 7 Win ee Sheets (e) Scey Se 40) Sails) Seat) alniil) Se 25: 
D-Arabinose + 3 + 6 Gye) obey a RYRIee (0) Sere == pbiiee gl) > okies he 
D-Xylose + a + ” 6 3.70 + .28 —43 +.10 —89 +.14 -106 +17 —1.26 + .20 


* Statistically significant modifications in comparison to changes induced by glucose. 


+ Idem 


+ 
+ 


+ Merck and Co., Rahway, N. J. 
+ Eastman Organic Chemicals. 
§ Pfanstieh] Laboratories. 


insulin. 
glucose + insulin. 
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A,» COMPOUNDS HAVING A DEFINITE DECREASING EFFECT: 


CH20H 


H2COH 


CH(OH) 


CH20H 


D -Sorbitol 


L-Arabinose 


D-Galactose D-Fructoese L-Rhamnose 


FIG. 1. Classification of various compounds accord- 
ing to their effect on serum inorganic phosphate. 


D-X ylose 


successive blood extractions. Compared with 
the spontaneous variation, D-Fructose showed 
a irise at) 45° (Vable=1). “Sixteensexpeni- 
ments with D-Fructose were carried out with- 
out being able to confirm previous work (6,7) 
showing a decreasing effect on serum phos- 
phate. Levine e¢ al.(8) reported a clear de- 
crease induced by this sugar in pancreatecto- 
mized dogs but they did not carry out ex- 
periments in normal animals. The type of 
fructose used was not mentioned in these pa- 
pers. 

D-Arabinose, which causes serum  phos- 
phate to rise distinctly, inhibited almost com- 
pletely the decrease induced by glucose and 
partially that produced by insulin or by mix- 
ture of glucose + insulin. L-Arabinose 
showed some inhibitory effect with respect to 
glucose effect at 15’ after glucose + insulin. 

It appears that D-Glucose, D-Sorbitol and 
L-Sorbose produce a clear-cut, decrease in 
serum inorganic phosphate and that D-Arabi- 
nose induces a rise. 

By examining the chemical configuration of 
the substances used(10), (Fig. 1) it seems 
that the common feature of those exhibiting a 
definite decreasing effect is the arrangement 


of the OH groups in carbons 3 and 4 in the 
hexose molecule. D-Fructose has the same 
configuration in carbons 3 and 4, however its 
5 last carbon atoms have the same structure 
as D-Arabinose, which has been shown to in- 
crease markedly the serum phosphate concen- 
tration. D-Xylose also possesses the above- 
mentioned configuration at the 3 and 4 car- 
bon atoms but in a pentose rather than a hex- 
ose skeleton. 


Summary. The effect of D-Glucose, D- 
Galactose, D-Fructose, L-Rhamnose, L-Sor- 
bose, D-Sorbitol, D-Arabinose, L-Arabinose, 
and D-Xylose on the serum inorganic phos- 
phate in the normal dog has been studied. 
D-Glucose, L-Sorbose and D-Sorbitol pro- 
duced a definite decrease, and D-Arabinose a 
clear cut rise. By statistical comparison with 
the variation encountered by taking succes- 
sive blood samples with the same intervals 
and under the same experimental conditions, 
it seems that D-Galactose, L-Rhamnose and 
D-Xylose have some decreasing power. D- 
Fructose (pyranose) produced an increase at 
45’. D-Arabinose showed inhibitory action 
on the decreasing effect of glucose and insulin. 
L-Arabinose exhibits some inhibitory action 
on the effect of glucose and at 15’ after glu- 
cose + insulin. 
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Distribution of CO and Radiochromium in Blood and Tissues of Rabbit and 


Dog. II. 


Radiochromium.* 


(23530}- 


, Remar WENNESLAND,t RopGER SHEPHERD, NORMAN Nomor, ELLEN Brown, 
JAMEs Hopper, JR., AND BARBARA BRADLEY 
Department of Medicine, University of California School of Medicine, San Francisco 


In animal experiments designed to deter- 
mine the localization of extravascular carbon 
monoxide (CO), excess of CO over radio- 
chromium (Cr°!) in tissue homogenates as 
compared to their contents in blood was used 
as an index of localization. Cr’! in excess of 
CO was found in the lungs and spleen, which 
suggested that Cr°!-tagged red cells may be 
sequestered from the circulating blood in these 
organs(1). Because of the possibility that 
loss of tag from the blood might influence the 
results of blood volume determinations done 
with the Cr°! method, this phenomenon has 
been studied more fully. 


Methods. The procedures used for tagging 
with Cr°!, in vitro handling of the blood, simul- 
taneous administration of tagged cells and 
CO to the rabbits and dogs, and analysis of 
the blood and tissues have been described 
(1,2). In 10 dogs the sites of injection of the 
tagged cells and of sampling and the mode of 
death varied, as shown in Fig. 1. To test the 
effects of the im vitro handling of blood on the 
sequestration phenomenon, 25 rabbits were 
injected with cell suspensions that had been 
treated in various ways. Usually the cells 
were resuspended in saline after tagging and 
were stored overnight at 5°C, but in 12 experi- 
ments they were stored for 1 to 3 weeks. Half 
of these specimens were suspended in saline, 
the other half in their own plasma. Hemoly- 
sis was seen only in saline suspensions stored 
for 1 week or more. The cells in these prep- 
arations were washed until the supernatant ap- 
peared clear before they were injected into 
their respective donors. Otherwise the experi- 


* This study was aided by grants from Edwards 
and Hertzstein Funds, allocated by Committee on 
Research, University of California School of Med- 
icine, and from the U. S. Public Health Service and 
the San Francisco and Monterey County Heart 


Assns. 
+ Research Fellow, Am. Heart Assn., while this 


work was in progress. 


ments were conducted as usual. The CO:Cr®? 
ratio of each tissue homogenate (R;) was 
compared to the ratio in the animal’s blood 
(R,) to obtain an Ry: B, ratio(1). When the 
R;:R, ratio of the tissue homogenate was less 
than one, it could be assumed that Cr°! had 
accumulated in that tissue(1). 


Results. The results of the analyses of tis- 
sue homogenates and blood from the 10 dogs, 
expressed as Ry: Ry ratios, appear in Fig. 1. 
Ratios for spleen were less than one in all dogs 
killed by bleeding. The exsanguinated animals 
had small, pale spleens, which gave homoge- 
nates consisting mostly of gray pulp. No evi- 
dence of Cr?! accumulation in the spleen ap- 
peared in the dogs killed with sodium pento- 
barbital (Nembutal). Here, the spleens were 
large, filled with blood, and produced homoge- 
nates consisting mostly of blood. The lung 
ratios were also less than one in all but 2 
experiments where the tagged cells had been 
injected into branches of the portal vein. 
Here, the livers showed an excess of Cr’?, 
while the lungs did not. Two animals were 
perfused with saline after bleeding. This ac- 
centuated the differences between tissue and 
blood ratios; the lowest values for spleen, 


° HESTON Me A SYSTEMIC VEIN. KILLED WITH NEMBUTAL. 
(00 


C) eco ihe A SYSTEMIC VEIN (006 4), APOE ARTERY (006 5) 
WR ILIAC ARTERY (006 6). K/LLED BY BLEEDING 

@ INJECTION INTO PORTAL VEIN. K/LLED 8Y Pirie. 
‘D0GS 7,8) 


A INJECTION INTO A SYSTEMIC VEIN. KILLED BY VIVIPERFUSION 
AND BLEEDING. (00G6S 9, 10) 
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FIG. 1. Rt: R» ratios of tissue homogenates from 


dogs killed 20 minutes after receiving CO and Cr*- 
tagged cells simultaneously. Ri = ratio in tissue 
homogenate of CO content (volume %) to Cr con- 
tent (counts per second). Ry = ratio of CO to Cr” 
content of the corresponding blood sample. 
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FIG. 2. Ri: R» ratios of tissue homogenates from 

25 rabbits given autogenous red cells tagged with 

Cr*’, after storage for various intervals before injec- 

tion, and CO. R: and Ry» are derived from tissue 
and blood analyses (see text and Fig. 1). 


lung and liver were found in the experiment 
where the perfusion was particularly complete. 
After injection of the tagged cells into a com- 
mon carotid artery the brain showed no re- 
tention of tag, but the usual excess was found 
in spleen and lung. When the injection was 
into the right external iliac artery, no excess 
of Cr°! was found in muscle or spongy bone 
of the right as compared to the left leg, and 
the usual retention occurred in lung and spleen. 
There was no evidence of chromium retention 
in the kidneys. 

Fig. 2 shows the results of studies relating to 
the im vitro handling of the blood in 25 rab- 
bits. The longer the storage time, the greater 
the excess of Cr°! found in lung, liver and 
spleen, particularly when the cells had been 
stored in saline. 

An attempt was made to assay the total 
amounts of Cr°! lost from the cells after they 
had been handled and stored in various ways. 
Table I shows the amounts of 'Cr®! lost to the 
supernatant in experiments on blood taken 


from 8 rabbits and stored in saline or plasma 
for 1 day to 3 weeks. Table II shows the 
total amount of Cr°! retained in lungs, liver 
and spleen combined as % of the dose of Cr°? 
given to each of the 8 rabbits. The Cr*? 
content of the organs was determined by an- 
alysis of the entire organ (lung and spleen) 
or of duplicate aliquot samples (liver). The 
CO content of the homogenates and of the 
blood provided a means of correcting for the 
blood content of the organs. 


Discussion. The exact mechanism responsi- 
ble for sequestration of Cr°! is not shown by 
these studies, but must relate to physico- 
chemical changes in the red cells caused by 
in vitro handling and to the functions of the 
reticuloendothelial system. Tompkins has 
described changes in erythrocytes when sus- 
pended in saline that are reversed by addition 
of plasma(3). Some of the injected erythro- 
cytes were retained in the lung or liver, de- 
pending on which of these organs was tra- 
versed first; Cr°' accumulated in the spleen 
even after the cells had passed through the 
lung or liver. In contrast, no retention was 
found in the brain or extremities when their 
capillary beds were the first ones reached by 
the tagged cells. Sequestration of cells in the 
lung may be analogous to the trapping in this 
organ of leukocytes(4) or of macromolecules 
(og 

The more roughly the blood was handled, 
the greater the sequestration of Cr®!. With 
prolonged storage of tagged cells, more and 
more Cr°! was lost, particularly when the cells 
were resuspended in saline. However, even 
with 3 weeks of storage, the total loss of tag 


TABLE I. Loss of Cr*! to the Supernatant after Storage of Tagged Rabbit Erythrocytes in 
Plasma or Saline at 5°C for 1 Day to 3 Weeks. 


A B 
Radioactivity Radioactiy- 
of cellsus- ity of super- 
Storage pension natant Bas 
time —— Counts/sec./ml—_, % ofA 

Cells suspended in plasma 1 day 4,490 5.5 ail 
1 wk 2,743 5.5 2 
Bie 2,380 7.0 3 
ue 1,905 11.2 6 
Cells suspended in saline 1 day 4,170 4.5 all 
1wk 5,420 37.0 7 
my? 2,130 21.4 1.0 
Sug 2,180 32.7 1.5 
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TABLE II. Combined Loss of Cr*t by Sequestration in Lung, Spleen and Liver of Rabbits 
Killed 20 Min. after Injection of Tagged Cells Stored in Plasma or Sakme at 5°C for 1 Day to 


3 Weeks. 
eS _— oOoOoooOOOOOOOoqoqwyqooo—"s=$S~— 


A B 
Radioactivity 
of total Cr>* 
retained in 
lungs, liver 


Radioactivity 
of inj. 10 ml 
of cell suspen- 


Storage sion and spleen Bas 
time — —Counts/see.———_, % of A 
Cells suspended in plasma 1 day 33,750 35 all 
1 wk 21,750 82 3 
ret lost 
ay 14,500 232 1.6 
Cells suspended in saline 1 day 30,000 55 2 
1 wk 38,750 1,010 2.6 
2.2 16,500 471 2.8 
Be 18,250 609 3.3 


from the blood by leakage in vitro and by 
early sequestration was not more than 2 to 
4% (Tables I and II). 


Errors caused by in vitro leakage and se- 
questration would be inconsequential in the 
ordinary blood volume determination. If cells 
are stored only 1 day, even in saline, the com- 
bined loss amounts to 0.3% (Tables I and IT), 
which would be equivalent to an error of 15 
ml in the measurement of a 5,000 ml blood 
volume. Hence it seems unnecessary to add 
plasma to the suspending medium as recom- 
mended by Chaplin(6). Reported studies of 
red cell survival(2,7,8) have indicated ‘that 
the losses of Cr°! which occur at longer inter- 
vals after injection of tagged cells are of much 
greater magnitude than were observed here 
(6% during the first 24 hours, then about 
1% per day). 

Summary. 1. Carbon monoxide and auto- 
genous red cells labeled with Cr°' were ad- 
ministered simultaneously to dogs and rabbits; 
tissue homogenates and blood were then ana- 
lyzed for radioactivity and CO content. 2. 
Small amounts of Cr®! accumulated regularly 
in spleen and lung and, when the cells were de- 
livered via the portal vein, in the liver. No 
sequestration occurred in brain, kidneys or ex- 


tremities. 3. Prolonged storage of tagged 
cells, particularly when suspended in saline 
rather than plasma, increased the loss of Cr?! 
from the cells 7m vitro and by early sequestra- 
tion after injection of the cells into their 
donors. 4. When cells were stored in saline 
for only 1 day, combined losses caused by in 
vitro leakage and sequestration were too small 
to influence the results of blood volume de- 
terminations. 
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Occurrence of Intranuclear Inclusions in Tissue Cultures Infected with 


Virus of Infectious Bovine Rhinotracheitis. 


(23531) 


Writtram J. CHEATHAM AND Ropert A. CRANDELL (Introduced by Fred D. Maurer) 
Armed Forces Institute of Pathology, Washington, D.C. 


The disease now known as infectious bovine 
rhinotracheitis (IBR) appears to have first 
been recognized in 1950 in Colorado(1). 
Since that time it has been reported from a 
number of states in the western and midwest- 
ern part of the United States. Recent papers 
(2,3) have described the isolation and propa- 
gation of the etiological agent in tissue cul- 
tures of bovine cells. However, inclusion 
bodies have not been described in tissue cul- 
ture or in naturally or experimentally infected 
animals (4). 

It is the purpose of this report to describe 
the intranuclear inclusions which are a con- 
stant feature of the cytopathogenicity of this 
virus in cultures of bovine kidney and human 
amnion. 

Materials and methods. Tissue cultures of 
bovine kidney were prepared by a modifica- 
tion of the trypsin digestion technic of 
Youngner(5). Cells were grown in tubes 16 
x 150 mm incubated initially as stationary 
slant cultures at 35°C; after inoculation they 
were maintained as either stationary or roller 
cultures. The nutrient medium consisted of 
95% lactalbumin hydrolysate-tris solution 
(0.5% lactalbumin hydrolysate in modified 
Hanks buffered salt solution containing 0.01 
M tris [hydroxymethyl aminomethane] ad- 
justed to pH of 7.4) and 5% lamb serum. 
Cultures of human amnion were prepared by 
the method of Zitcer, Fogh and Dunnebacke 
(6). Media consisted of 95% of either lactal- 
bumin hydrolysate-tris solution or bovine am- 
niotic fluid and 5% horse serum. Phenol red 
(0.002%), penicillin (100 U/ml), streptomy- 
cin (100 »/ml) and mycostatin (100 U/ml) 
were incorporated in all media. Three strains 
of virus were studied. The first was provided 
through the courtesy of Dr. W. R. Pritchard, 
Purdue University, as fluid from the 15th tis- 
sue culture passage and is referred to as the 
Pritchard strain. The American and Cooper 
strains were obtained from Dr. T. L. Chow, 
Colorado A & M College, as nasal washings 


from clinical cases of IBR. Cytopathogenic 
agents were isolated and passed serially from 
both nasal washings in cultures of bovine kid- 
ney and the American strain in cultures of 
human amnion. Titration of virus was Car- 
ried out using cells homologous for the tissue 
culture system being studied; calculation of 
ID;9 was based on an inoculum per culture 
of 0.1 ml. After fixation in Bouin’s fluid 
hematoxylin-and-eosin stained preparations 
were made employing either coverslips or the 
collodion membrane technic(7). 

Results. With an inoculum of 100 IDszo 
of Pritchard strain of IBR lesions were first 
seen in cultures of bovine kidney at 18-24 
hours but were generally somewhat more de- 
layed in cultures of human amnion. In both 
tissues the lesions consisted of small foci of 
degeneration (Fig. 1). These foci slowly in- 
creased in size and new or secondary foci be- 
gan to appear in an additional 24 hours in 
kidney and in 36-72 hours in human amnion. 
The degeneration generally became more dif- 
fuse in bovine kidney, involving the entire 
culture in about 72 hours, while in human 
amnion the focal nature of the change per- 
sisted longer, frequently requiring 10-14 days 
for total involvement of the cultures. The af- 
fected cells were rounded or spindle-shaped 
with elongated, occasionally beaded, proc- 
esses. The cytoplasm was opaque and showed 
fine perinuclear granularity in contrast to the 
relative nuclear pallor. Nucieoli were small 
or inapparent. As the degeneration pro- 
ceeded and foci became confluent the growth 
was converted into a network of these spindle- 
shaped cells which remained intact and ad- 
herent to the glass for many hours. 

As indicated by the pH of the media there 
was increased acid production in the infected 
cultures. 

A constant feature of the cytopathogenicity 
of all 3 strains studied was the occurrence in 
stained preparations of typical intranuclear 
inclusions in a large proportion of the degen- 
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erating cells (Fig. 2,3,4). These bodies be- preparation. The earliest change in the nu- 
gan to appear at about the time degenerative cleus usually consisted of a single small ir- 
changes were first detected in the unstained regular aggregate of amphophilic to eosino- 
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FIG. 1. Early lesion seen in tissue culture of human amnion infected with Pritchard strain of 


IBR. H & E X 130. AFIP neg. 57 2079. 
FIG. 2. Intranuclear inclusion in tissue culture of human amnion infected with Pritchard strain 


of IBR. H & EB X 265. AFIP neg. 57 2072. 
FIG. 3. Intranuclear inclusions in culture of human amnion infected with Pritchard strain of 


IBR. H & E X 450. AFIP neg. 57 2080. 
FIG. 4. Intranuclear inclusions in culture of bovine kidney infected with Pritchard strain of 


IBR. H & E X 450. AFIP neg. 57 4748. 
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philic, finely granular material among the nu- 
clear chromatin. It appeared that the size of 
the particles responsible for the granularity of 
the inclusions was at about the limit of reso- 
lution of the light microscope, so that in some 
preparations the inclusions were homogeneous. 
The aggregate slowly increased in size until it 
occupied a major portion of the nucleus. By 
the time inclusions were well developed, nu- 
cleoli were generally small or had disappeared. 
These mature inclusions retained the ampho- 
philic to eosinophilic staining of the earlier 
ones and were either round, oval or irregular 
in contour, generally corresponding to the 
shape of the nucleus. Although there was not 
the intense reaction of the nuclear chromatin 
characteristic of viruses of the herpes group, 
there was margination of the chromatin 
toward the nuclear membrane. Even in the 
late stages of degeneration the nuclear mem- 
brane usually remained intact and was sepa- 
rated from the inclusion by a thin clear zone 
or halo. Intense cytoplasmic eosinophilia 
accompanied the nuclear changes, but no spe- 
cific cytoplasmic inclusions were seen. 
Changes similar to those observed with the 
Pritchard strain were also seen with the 
American and Cooper strains. 


Cytopathogenicity, including the develop- 
ment of intranuclear inclusions, could be pre- 
vented by convalescent serum from clinical 
cases of rhinotracheitis. No evidence of neu- 
tralizing substances was found in the single 
pool of human gamma globulin tested. 


Discussion. Previous reports of rhino- 
tracheitis in tissue culture and of necropsy of 
naturally and experimentally infected animals 
have not described the presence of specific in- 
clusions in this disease. In spite of these 
negative reports the demonstration of distinct 
intranuclear inclusions in tissue culture of 
three different strains of the virus of IBR, 
their consistent association with the cyto- 


pathogenicity and the prevention of their de- 
velopment by immune serum leave little 
doubt that they are a specific manifestation of 
cellular infection by this virus. 

Although the metabolic activities respon- 
sible for the decreased pH of cultures inocu- 
lated with IBR have not been investigated, it 
is of interest that similar observations have 
been made in cultures of HeLa cells infected 
with adenovirus(8). 

We have been able to demonstrate similar 
intranuclear inclusions in necropsy material 
fixed in Zenker’s and Bouin’s fluids. This 
material was obtained from calves killed dur- 
ing the early stages of disease following intra- 
nasal inoculation with the 3 strains of IBR. 
It appears likely that demonstration of such 
inclusions in nasal smears or biopsy speci- 
mens may facilitate diagnosis of this disease. 

Summary. The virus of infectious bovine 
rhinotracheitis was isolated and passed seri- 
ally in cultures of human amnion with the 
production of lesions similar to those occur- 
ring in cultures of bovine kidney. Specific in- 
tranuclear inclusions were noted in tissue cul- 
ture and in cases of the disease experimentally 
produced with the 3 strains of virus studied. 
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Serum Protein Changes Following Feeding of Parathion to Dogs. (23532) 
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Divisions of Pharmacology and Food, Bureau of Biological and Physical Sciences, Food and Drug 
Admin., Washington, D.C. 


The use of paper electrophoresis for frac- 
tionation of blood serum as well as other body 
fluids has given the pharmacologist a valuable 
tool for evaluation of some toxic manifesta- 
tions of new pharmacological agents. Altera- 
tions in serum protein fractions, for example, 
whether relative or absolute, have been shown 
to accompany many pathological states. Mar- 
rack and Hock(5) in their review of serum 
proteins indicate that disease processes which 
involved liver parenchyma resulted in increase 
in gamma globulin and decreased albumin. 


The purpose of this study was to determine 
whether a subacute non-lethal level of para- 
thion, (0,0-diethyl 0-p-nitrophenyl thiophos- 
phate), would produce any electrophoretically 
observable changes in blood serum proteins 
of the dog. Simultaneously blood cholines- 
terase levels were also studied. 


Materials and methods. Five control 
cholinesterase determinations were made on 
plasma and red cells on 2 male and 2 female 
dogs over a 4-week period, by the electro- 
metric method of Michel(6) as modified by 
Frawley(7). These animals were then placed 
for 9 weeks on a diet containing 100 ppm. of 
parathion in Purina Laboratory Chow. Re- 
sults of plasma and red cell cholinesterase de- 
terminations are plotted in Fig. 1 at the end 
of 5th, 6th, 7th, and 13th weeks. During this 
9-week parathion feeding, 9 blood samples 
were drawn from the 4 parathion treated dogs 
and an equal number from 5 control animals. 
Ten ml blood samples were drawn by external 
jugular vein puncture, placed in 12 ml centri- 
fuge tubes containing 0.25 ml of 1% lithium 
oxalate and centrifuged at 2730 rpm for 15 
minutes in standard Adams safety head fixed 
angle (52°) centrifuge (12.7 cm radius). The 
unclotted plasma was then separated from 
the cells and caused to clot by addition of 0.25 
ml of 1% calcium chloride solution. The 
clotted plasma was then centrifuged again for 
15 minutes and the supernatant serum sepa- 


rated from clot. Ten pl of this serum were 
placed on the “Spinco” sample striper and 
spotted alternately with control samples on 8 
“Spinco” Whatman No. 3 mm filter paper 
strips. The procedure from this point on is 
adapted from that described by Williams et 
al.(8) using the hanging-strip type cell. The 
electrophoretic run was either for 16 hours at 
3 milliamperes or for 614 hours at 20-22 mil- 
liamperes constant current at 25-31°C. Un- 
der these conditions the average albumin mi- 
gration from point of origin was 8.2 cm. The 
barbital buffer was pH 8.6 with an ionic 
strength of 0.05. Upon completion of experi- 
ment the strips were removed from the cell 
and placed horizontally in a flat glass dish 
which was then placed in a 100-110°C oven 
for 45 minutes. The strips were then placed 
in a 0.01% acidified bromphenol blue solu- 
tion for 16 hours. Three rinsing baths in 2% 
acetic acid were followed by 3 to 5 minutes in 
10% acetic acid 2% sodium acetate fixer so- 
lution. Drying was on filter paper at room 
temperature. The strips were scanned in a 
“Spinco” Analytrol with automatic integrator. 

Results. The results of 18 samples of 
blood serum drawn over 9 weeks of the ex- 
periment, on 5 control and 4 parathion fed 
dogs (2 male and 2 females each) on para- 
thion and 2 males and 3 females on control 
are compiled in Table I. 

The results indicate a statistically signifi- 
cant relative increase in the 6-globulin com- 
ponent and decrease in the albumin fraction 
as a result of feeding of parathion. 

The results of cholinesterase determinations 


TABLE I. 
—— Globulins—_—_,, 
Albumin a, as B OY 
Control 48.0 0) TOG al3y5y US 
Parathion-fed *34.15 Wa AGG SRB Bayal 


(100 ppm.) 


* Difference from control value is statistically 
significant. 
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% PRE-TREATMENT CONTROL CHOLINESTERASE ACTIVITY 


WEEKS 
FIG. 1. 


noted in Fig. 1 indicate the rapid decline in 
both plasma and red cell cholinesterase during 
the first 3 weeks of phosphate feeding. The 
terminal levels all below 20% of pre-treat- 
ment control indicate an injury which is also 
reflected in serum protein changes. 

Fig. 2 shows typical serum sample patterns 
from both control and parathion fed dogs. 

Discussion. As an index of toxicity, the 
study of serum protein changes offers promise. 
Marrack and Hock indicated(5) that the 
changes noted in serum proteins are not spe- 
cific for any given pathological situation but 
yield an index to the overall constitutional 
state. The development of paper electro- 
phoresis has provided the tool by which we 


Typical control 
serum pattern 


Typical parathion 
serum pattern 


may study the effects of toxic agents simply 
and rapidly without the necessity of elaborate 
and technically difficult older methods. 


Much evidence to 1949(5) indicated that 
stressing agents, whether of functional, infec- 
tious or toxic nature, all produce rather typi- 
cal changes in. the blood serum picture. 
Whether we are dealing with syphilis, liver 
disease, malaria(1), liver ischemia(9), leg 
fractures(2), rickettsiosis, acute babesiosis 
(3) X-Ray(4) sulphur mustard, burns or 
turpentine(10), the resulting serum protein 
changes are essentially the same, namely, de- 
creased albumin, both relatively and abso- 
lutely and a tendency for increased gamma 
and sometimes beta globulins. The present 
study further verifies that concept and points 
a new approach to the study of subacute func- 
tional damage from various toxic agents. 


Summary. Serum electrophoretic patterns 
from dogs fed 100 ppm of organic phosphate 
parathion, indicate a relative decrease in level 
of albumin and increase in beta globulin. The 
significance of these findings is discussed. 
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Concentration of Highly Potent Erythropoietic Activity from Urine 


of Anemic Patients.* 


(23533) ee 
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(With technical assistance of Mary Lou Nohr) 
Donner Laboratory, Donner Pavilion and Radiation Laboratory, University of California, Berkeley 


Since the demonstration by Reissmann that 
erythropoiesis is under humoral control(1) 
the search for the site of production of this 
factor and for an adequate source from which 
erythropoietic hormone could be isolated has 
been the subject of much investigation. Eryth- 
ropoietic activity has been found in a variety 
of body fluids, including plasma(2-4), urine 
(5,6), and milk(7), and erythropoietically 
active material has been isolated from the an- 
terior pituitary(8). However, such activity 
has been demonstrated in body fluids primari- 
ly following some procedure which has de- 
creased the oxygen-delivering ability of the 
blood (phenylhydrazine(2), hemorrhage(3), 
hypoxia(9), etc.), in disease states(4), or 
following administration of cobalt(10); from 
such conditions it has not been possible to 
isolate active fractions in sufficient quantity 
for adequate chemical and biological investi- 
gations. 

In the course of screening a large number 
of patients with various hematological dis- 
orders for plasma erythropoietic titer, using 
the Fe°® incorporation in red cells as an assay 
(11,12), it was found that some patients with 
aplastic anemia showed a marked elevation in 
their titer. From the urine of some of these 
patients a highly potent erythropoietin has 
been extracted. 

Material and methods. Normal female rats 
of the Long-Evans strain weighing between 
150 and 200 g were used for the assay. They 
were fed a complete diet.| The rats were di- 
vided into groups of equal average weight at 


* This work was supported in part by the U. S. 
Atomic Energy Com. 

+The diet (modified from McCollum’s formula) 
consists of 67.5% whole wheat, 15% casein, 10% 
whole milk powder, 0.75% NaCl, 1.5% CaCOs, 
5.25% hydrogenated vegetable oil, and a concen- 
trate of fish oil in amount to give 19 U.S.P. units 
of vit. A and 2.5 A.O.A.C. chick units of vit. D/g 
of diet. 


the beginning of any assay. Untreated urine 
or a concentrate of urine was injected subcu- 
taneously once daily for 14 days. Control 
rats were injected with an equal volume of 
saline or urine from a normal subject. For 
comparison with the response obtained with 
urine concentrate, a group of rats was main- 
tained continuously in a decompression cham- 
ber at a simulated altitude of 15,000 feet for 
14 days. On the 12th day of injection, met- 
abolic rates were determined with a closed- 
circuit multiple respiration apparatus, as de- 
scribed by Evans, e¢ al.(13).4 To measure 
I81 uptake by the thyroid, 0.5 yc of 
I'*1 was given intraperitoneally 16 hours prior 
to autopsy, and the activity of the thyroid 
determined after autopsy. Just prior to autop- 
sy, blood volume and total circulating red cell 
volume were determined by the Fe®® labeled 
cell dilution method(14). At autopsy the 
adrenals, thyroid, ovaries, uterus, thymus, and 
spleen were dissected and weighed. The 
urine used in assays reported here was ob- 
tained from a Caucasian female of 11 years, 
who was first found to be anemic at the age 
of 14% months and who has received trans- 
fusions monthly since the age of 3 months. 
Physical examination was essentially normal 
except for some enlargement of liver and 
spleen. Laboratory work has shown slightly 
hypochromic, normocytic erythrocytes, reticu- 
locyte count of less than 1%, and only 2% 
nucleated red cells in the marrow with an es- 
sentially normal leukocyte formula. She has 
shown no response to therapeutic trials of 
cobalt, ACTH, riboflavin, and other conven- 
tional forms of therapy, such as liver, vit. Bis, 
etc. Iron turnover studies confirmed the 
other laboratory findings in that the marrow 
failed to accumulate and release radioiron for 
erythropoiesis. She has been diagnosed as 
erythroid hypoplasia. The urine concentrate 


+ We wish to thank Dr. E. S. Evans for determina- 
tions of metabolic rate. 
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ERYTHROPOIETIC HORMONE IN URINE 


TABLE I, A Comparison of Hematologic Response of Normal Rats Injected with 1 ml of Un- 
treated Urine Daily from a Normal and an Aplastic Anemia Donor. 


Material inj. 


Red ¢ell vol 


Inerease 


Total red in total red 


1 ml/day Het (%) (m1/100 g body wt) cell vol (ml) cell vol (%) 
Saline control 45.6 + 1.7t 2.39 + .1 4.66 + .2 
Normal urine 43.6 + 2.6 2.32 + .2 4.55 + .2 0 
Active 49.9 + 3.3 2.78 =5 2 Diodes 14.6 


*7 rats/group. 


was prepared by the ultrafiltration method 
described by Gorbman(15). 

Results. A variety of normal human beings 
and patients with various hematological dis- 
orders were assayed for plasma erythropoietic 
activity by the Fe? red cell incorporation 
assay using hypophysectomized rats. One ml 
of untreated plasma from normal human be- 
ings consistently gave an average Fe®® incor- 
poration of 26%, as compared with 6% for 
the saline injected controls. No elevation in 
erythropoietic titer above normal was found 
in the patients assayed with the exception of 3 
children with aplastic anemia, all of whom 
showed markedly elevated plasma erythropoie- 
tin, 1 ml of plasma producing a 40-50% in- 
corporation of Fe®? in 16 hours. With such 
an elevation in plasma, it was decided to as- 
say the urine. In 2 of the 3 children the 
erythropoietic activity of 1 ml of urine was 
as high as that of 1 ml of plasma, whereas 
normal urine shows no activity. In the third 
patient the urine showed no activity. If such 
an increase in iron incorporation after the 
administration of urine did in fact indicate a 
stimulation of erythropoiesis, then it should 
be possible to show an increase in the total 
red cell volume with a longer period of admin- 
istration. 

Table I compares the average values ob- 
tained in total circulating red cell volume 
with urine from the patient described above 
(1 ml daily for 14 days) with the values ob- 
tained with urine from a normal subject or 
with normal saline. The average hematocrit 
and red cell volume were significantly in- 
creased (p = 0.001, 15% above the saline- 
injected control) in the group injected with 1 
ml of active urine. There was no change fol- 
lowing injection of urine from a normal sub- 
ject. Although the daily administration of 
only 1 ml of urine resulted in the production 


+ Mean and stand. dey. 


of a definite polycythemia in normal adult 
rats, it was felt that the true potency of this 
material could be demonstrated best by com- 
paring the response obtained from larger 
amounts of urine with that obtained with the 
most effective known erythropoietic stimulant, 
hypoxia. For this purpose some method of 
concentration of the active principle from 
urine was sought. Since the ultrafiltration 
technic of Gorbman(15) provides a simple 
method for the concentration of gonadotrophic 
and possibly other pituitary hormones(16) in 
urine, the ultrafiltration of erythropoietically 
active urine was investigated. Under 20 lb 
nitrogen pressure, 500 ml of urine was forced 
through a collodion membrane. The mem- 
brane was dissolved in ether alcohol, and a 
precipitate was obtained by centrifugation. 
The precipitate was washed with ether, dried 
to a powder, and stored under vacuum. The 
powder was dissolved in saline, and an aliquot 
diluted to a volume equivalent to that of the 
starting material, while a second aliquot was 
dissolved so as to give a 13-fold concentration. 
The original urine, the ultrafiltrate, and the 
2 dilutions of the residue remaining after ul- 
trafiltration were assayed for erythropoietic 
activity by the Fe°® incorporation assay using 
normal rather than hypophysectomized rats. 
The use of normal rats in this assay has been 


TABLE IT. Partition of Erythropoietie Activity 
in Urine of a Patient with Aplastic Anemia. 


Vol equiy- 
alents inj. Fe uptake* 
Treatment (nl) (16 hr) (%) 
Starting material (un- it 48 + 6.3 
treated urine) 
Ultrafiltrate il 28 + 7.9 
Residue after ultrafiltration 1 43 + 7.6 
Idem 13 61 + 4.4 
Uninjected control — 23 + 6.7 


“Normal adult female rats; 10 rats/group. 
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TABLE III. Hematologic Values of Normal Rats Injected with Urinary Erythropoietic Frac- 
tion or Exposed to Simulated Altitude of 15,000 Ft for 14-Days.* 


Inerease 


‘ Red cell vol Total red in total red 
Treatment Het (%) (ml1/100 g body wt) cellvol (ml) cell vol (%) 
Saline 43.0 + 1.66t 2.45 + .1 4.48 + .55 
Hypoxic control HOO 95 Bsa ae 5.76 + .46 28.6 
Urine fraction 56.8 + 4.24 3.45 + .3 6.70 + .83 49.6 
(2 mg/day) 
* 6 rats/group. + Mean and stand. dey. 


found to be satisfactory when the activity of 
the material to be tested is sufficiently high. 
Table II summarizes the results of this assay. 
As can be seen from the table, no activity was 
found in the ultrafiltrate. The activity of 
the starting material and of the residue diluted 
to a volume equivalent to the starting ma- 
terial were equal. The more concentrated 
fraction showed a greater activity. All of the 
active material was recovered in the filter, 
providing a simple and efficient method for 
concentrating and purifying the activity and 
reducing it to a nontoxic, easily soluble pow- 
der. A urine fraction prepared in this way 
was injected subcutaneously into normal adult 
rats at a dose equivalent to 30 ml (2 mg) 
daily for 14 days. A second group was in- 
jected with saline and a third was maintained 
continuously in a decompression chamber at 
a simulated altitude of 15,000 feet for 14 days. 
On the 15th day total circulating red cell vol- 
umes were determined, and the animals were 
autopsied. Table III compares the average 
values for hematocrit and red cell volume for 
the 3 groups. As can be seen from the table, 
the total red cell volume of the rats maintained 
at a simulated altitude of 15,000 feet was 
28.6% above that of the saline-injected con- 
trols, while those given an equivalent of 30 ml 
of active urine per day showed an increase in 
total red cell volume of 49.6% above the 
controls. Table IV compares average body 


weights, organ weights, and standard metabolic 
rates of the 3 groups. The rats injected with 
concentrate of active urine showed a greater 
increase in body weight than either the saline- 
injected or hypoxic controls, at least indicat- 
ing that the injected material was not toxic. 
There was no significant change in the average 
weight of the endocrine organs or in the I"? 
uptake in the 3 groups. The spleens of the 
rats injected with urine concentrate showed a 
definite increase in weight, suggesting stimu- 
lation of erythropoiesis in that organ. The 
standard metabolic rate of the group injected 
with concentrate of active urine was only 9% 
above that of the saline-injected controls. 

Thus, a certain group of patients classified 
as aplastic anemia produces and excretes 
erythropoietic substance in excessive quanti- 
ties. It is suggested that in some cases the 
mechanism responsible for this high rate of 
production and excretion may be analogous to 
that responsible for the high level of follicle- 
stimulating hormone in the castrate or meno- 
pausal woman in that the production of the 
stimulant is uncontrolled because the target 
organ fails to respond, that is, there is no 
regulatory feedback mechanism. The source 
of production of the erythropoietic material 
found in plasma and urine has not been in- 
vestigated, and one can only assume that 
that which is found in urine originates from 
that which is found in plasma. 


TABLE IV. Organ and Body Weights and Metabolic Rates of Normal Adult Rats Injected with Urinary 
Erythropoietie Fraction or Exposed to Simulated Altitude of 15,000 Ft for 14 Days.* 


Body wt (g) Metabolic 
Begin- Adrenals Thyroid Ovaries Uterus Thymus Spleen rate 
Treatment ning Final (mg) (cal/m?/hr) 
Saline 171 183 59 12:5 67 388 aa a hiss 
Hypoxie control 171 ie ye 5] ileal 65 304 
Usine fraction Al 194 59 13.0 67 281 211 1,305 34.4 


* 6 rats/group. 
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Summary. 1) Some patients with aplastic 
anemia had exceptionally high levels of eryth- 
ropoietic activity in plasma. The urine of 
these patients was assayed, and in some it was 
equally as potent as the plasma. As little as 
1 ml daily for 14 days of untreated urine from 
such a patient produced a significant poly- 
cythemia in normal adult rats. When a con- 
centrate of such urine, prepared by ultrafil- 
tration, was injected at a dose equivalent to 
30 ml daily for 14 days into normal adult 
rats, a polycythemia was produced which ex- 
ceeded that resulting from exposure to a simu- 
lated altitude of 15,000 feet for the same 
period of time. 2) The high potency of such 
urine has allowed its assay in normal rats. 
This finding, together with the easy availa- 
bility of urine and the efficiency of ultrafiltra- 
tion as a method for preparing concentrates of 
urinary erythropoietic activity, should allow 
for a more rapid investigation of the chemistry 
and biology of this factor. 
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Effect of Corticoids upon Skeletal and Renal Changes Produced by 


Stylomycin Aminonucleoside.* 


(23534) 


Hans SELYE 
Institut de Médecine et de Chirurgie expérimentales, Université de Montréal, Montreal, Canada 


The literature on stylomycin aminonucleo- 
side (SAN) is somewhat confusing, owing to 
the fact that the antibiotic now known as 
“stylomycin” was first called “achromycin”— 
a name which was subsequently transferred 
to another antibiotic(1)—and then “puromy- 
cin” (2,3,4). Little is known as yet about the 
pharmacology of this antibiotic, apart from 
its efficacy in the treatment of infections, par- 
ticularly those caused by certain trypano- 
somes. It has been noted, however, that 


* Supported by National Research Council of Can- 
ada and by Lederle Laboratories Division of Amer. 
Cyanamid Co., the latter having also supplied the 
stylomycin aminonucleoside used. 


stylomycin and its aminonucleoside can pro- 
duce a nephrosis-like syndrome with renal le- 
sions, subcutaneous edema, pleural fluid, 
ascites, hyperproteinemia, hyperlipemia and 
azotemia in laboratory animals(1,3). This 
condition is accompanied by an increased al- 
dosterone secretion(4), osteitis-fibrosa-like 
changes in the bones(5) and, in advanced in- 
toxication, by an interstitial pancreatitis(6). 


The object of the present communication 
is to report upon experiments which show that 
both the renal and the skeletal changes elicited 
by SAN overdosage depend largely upon the 
balance between pro- and anti-inflammatory 
corticoids. 
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Renal changes following combined treatment with SAN and corticoids. A. Virtually nor- 
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mal renal cortex following treatment with SAN + COL-Ac in a rat of Group II (X 150). B. 
Numerous hyalin casts and more or less granular protein precipitates in renal cortex of a rat of 
Group IV, treated with SAN + DOC-Ac (X 150). 


Materials and methods. Fifty female 
Sprague-Dawley rats, with an average initial 
body-weight of 106 g (range: 98-112 g), were 
subdivided into five equal groups, all of 
which received 1 mg of SAN* in 0.2 ml of 
water subcutaneously, daily. Group I was 
not otherwise treated. The other animals re- 
ceived. in addition to the SAN, injections of 
corticoids as follows: Group II: cortisol ace- 
tate (COL-Ac)t 1 mg of microcrystals in 0.2 
ml of water subcutaneously, once daily; 
Group III was adrenalectomized and treated 
with COL-Ac, as Group II; Group IV: de- 
soxycorticosterone acetate (DOC-Ac)t 3 mg 
of microcrystals in 0.2 ml of water subcu- 
taneously, once daily; Group V was adrenal- 
ectomized and treated with DOC-Ac, as 
Group IV. After 17 days the animals were 
killed with chloroform. The femurs, ribs and 
kidneys were fixed in Susa, embedded in par- 


+ Generously supplied by Schering Corp. 


afin and stained with hematoxylin-eosin, for 
subsequent histologic study. The acidity of 
the Susa solution sufficed to decalcify the 
skeletal structures within two or three days. 

Results. It was evident at autopsy that the 
ascites and pleural fluid accumulations char- 
acteristic of SAN overdosage were most pro- 
nounced in the rats which received DOC-Ac 
(Groups IV and V), but there was no sig- 
nificant difference in this respect between the 
rats treated with SAN alone (Group I) and 
those which, in addition, were also given 
COL-Ac (Greups IT and III). 

On the other hand, histologic examination 
revealed that the renal changes, which were 
of moderate intensity in the controls, were 
diminished by COL-Ac (Groups II and III), 
and greatly aggravated by DOC-Ac (Groups 
IV and V). In Groups IV and V, the convo- 
luted tubules were replete with hyalin casts 
and, occasionally, fibrinoid material appeared 
in the parietal laminae of Bowman’s capsules 
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ee | | 
FIG. 2. Skeletal changes following combined treatment with SAN and corticoids. A. Cross-section 
through distal end of femur of a rat of Group IJ, which was treated with SAN + COL-Ac. Skeletal 
structure is essentially normal (X15). B. Distal end of femur of a rat of Group IV, treated with 
SAN + DOC-Ac. Here the myeloid tissue has almost completely disappeared and is replaced by 
light, fibrous tissue between the trabeculae underneath the growth cartilage (X15). C. Higher 
magnification of a region from Fig. A. Bone structure essentially normal (X 120). D. Higher 
magnification of a region from Fig. B. Here the myeloid elements are replaced by fibrous tissue 
with numerous, large (dark) osteoclasts (X 120). 
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or free in the glomerular spaces. It is known 
from previous work that, under similar condi- 
tions (that is, in short-term experiments and 
without “conditioning” by unilateral nephrec- 
tomy plus an excess NaCl), DOC-Ac pro- 
duces no detectable signs of renal damage(7). 

This has again been verified on 2 groups of 
10 rats each, treated as the Groups IV and V 
of the previous experiment, but not given 
SAN. 

On the other hand, chronic overdosage with 
DOC-Ac in suitably “conditioned” rats causes 
malignant nephrosclerosis with hyalinization 
of the afferent glomerular arterioles(7), that 
is, a change qualitatively different from that 
observed here (Fig. 1). 

The femurs and ribs exhibited manifesta- 
tions of mild osteitis fibrosa in Group I. The 
bone-marrow elements were partly replaced 
by a fibrous tissue that contained many osteo- 
clasts. These changes were almost completely 
suppressed in the two groups that received 
COL-Ac (Groups II and III) and enormously 
aggravated in the animals treated with DOC- 
Ac (Groups IV and V). There was no sig- 
nificant difference, however, between the in- 
tact and the adrenalectomized animals, either 
as regards the suppression of renal and skele- 
tal changes by COL-Ac, or their aggravation 
by DOC-Ac (Fig. 2). 

Discussion. It is not known whether the 
osteitis fibrosa produced by SAN represents a 
form of “renal rickets.” Parathyroidectomy, 
which prevents the development of osteitis 
fibrosa after nephrectomy(8), does not abol- 
ish the histologically similar lesions induced 
by SAN(5). This suggests that SAN can in- 
fluence the bones through a mechanism other 
than an increased parathyroid hormone secre- 
tion. The experiments reported here furnish 
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no information concerning the possible inter- 
relations between thé renal and skeletal mani- 
festations of SAN intoxication, since COL-Ac 
inhibited, while DOC-Ac exacerbated both; 
hence it is impossible to say whether the ac- 
tion of the corticoids upon the bones was a 
consequence of their effects upon the kidney. 
It is also evident that SAN does not affect 
the renal or skeletal tissues merely by virtue 
of changes in corticoid secretion, since adre- 
nalectomy does not prevent its toxic actions 
upon these structures. However, these ob- 
servations furnish yet another instance of 
morbid changes, whose development is de- 
cisively influenced by the “conditioning” in- 
fluence of the balance between pro- and anti- 
phlogistic corticoids. 


Summary. Experiments on albino rats in- 
dicate that stylomycin aminonucleoside 
(SAN) produces renal changes, accompanied 
by manifestations of osteitis fibrosa. Both 
renal and skeletal lesions elicited by SAN are 
inhibited by cortisol acetate (COL-Ac) and 
aggravated by desoxycorticosterone acetate 
(DOC-Ac). 
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Inhibition of Walker Tumor by Autolyzed Lymphosarcoma Cells.* (23535) 


CLAUDE-LisE RicuErt (Introduced by Hans Selye) 
Institut de Médecine et de Chirurgie Expérimentales, Université de Montréal, Montreal, Canada 


The concomitant growth of 2 different tu- 
mors transplanted in the same host has been 
observed either to inhibit or to promote the 
development of the involved tumors. Bruwer 
et al.(1) were the first to report that a grow- 
ing Murphy Rat Lymphosarcoma (MRLS) 
could inhibit the growth of a Walker car- 
cinoma transplanted in the same site. We 
later observed the same phenomenon and 
wanted to verify whether the inhibition was 
due merely to competition of the two growing 
tumors for an essential factor or whether the 
mechanism was more likely to be a direct ac- 
tion of the lymphomatous cells on the Walker 
neoplasm. 

To study the effect of non-viable lympho- 
sarcoma, we used a 3-day-old suspension of 
MRLS cells in saline, for we knew that this 
partly autolyzed suspension does not take 
when injected. The Walker tumor was trans- 
planted in an air-pouch as this method is ideal 
for testing local actions. 

Materials and methods. Sixty-five female 
Sprague-Dawley rats of the same age, weigh- 
ing approximately 150-170 g, were distrib- 
uted into groups each having a mean body- 
weight of 160 g. The animals were fed ex- 
clusively Purina Fox Chow and received tap 
water to drink. The Walker neoplasm was 
transplanted by injecting 0.5 ml of a suspen- 
sion containing 0.2 g of crushed tumor tissue 
per ml of a 1% saline solution. The auto- 
lyzed suspension of MRLS is prepared in the 
same way, but left 3 days in a closed, sterile 
container, at room temperature, before it is 
injected. An air-pouch is made by injecting 
25 ml of air into the subcutaneous tissue situ- 
ated between the shoulder blades of a rat. 
When a tumor suspension is introduced into 
the cavity of the air-bubble thus formed, a 
tumor-pouch is produced(2). Our present 

* This work was supported by grants from the 
National Cancer Inst. of Canada and the Gustavus 
& Louise Pfeiffer Research Fn. 
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study consisted of 3 experiments. In the first, 
we used 25 rats divided into 2 groups. All 
animals received a Walker tumor transplant 
in an air-pouch. Group 1, composed of 10 
rats, was given no other treatment and served 
as control. Group 2 consisted of 15 rats 
which received, immediately after the tumor 
suspension, an injection of 0.5 ml of autolyzed 
MRLS in the air-pouch. Our second experi- 
ment was an exact repetition of the first, ex- 
cept that two groups of 10 rats each were 
used. In the third experiment, 2 groups of 10 
rats each were again used. An air-pouch was 
made on the back of all the animals. The 
experimental group received 1 ml of autolyzed 
MRLS in the cavity of the pouch, while the 
controls had no injection. After 10 days, 
both groups were given 1.5 ml of Walker tu- 
mor suspension. The air-pouches in the con- 
trol group had to be partly reinsufflated to 
make them equal in volume to the MRLS in- 
jected pouches. 


Results. In the first of the experiments 
with concomitant injection of Walker car- 
cinoma and autolyzed MRLS, none of the 
treated animals showed any apparent tumor 
development on the 17th day after transplan- 
tations while all the control rats had died, 
bearing large Walker tumors. One of the 
treated animals was then killed and the site 
of transplantation compared with that of the 
last control to die (Fig. 1). Only necrotic 
tissue could be found in the MRLS treated 
rat. On the 24th day, tumor nodules began to 
appear at the periphery of the pouch in 4 of 
the remaining 14 rats. The tumor grew to a 
large size around the MRLS injected area 
and killed the 4 animals on the 43rd and 44th 
days. The remaining 10 rats were then killed 
and autopsied. No tumor could be found. 
The pouch had perforated and the necrotic 
tissue had been eliminated. Only scar tissue 
remained in the inter-scapular region. 


Repetition of the same experiment gave the 
following results: Of the 10 controls, all de- 
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(a) 


veloped large tumors and died within 15 days. 
None of the MRLS treated animals showed 
any sign of tumor until the 20th day, when 
nodules began to be visible around the pouch. 
These tumors developed and finally killed the 
bearers. 

In the third experiment, the Walker tumor 
injected in the pouch prepared with autolyzed 
MRLS did not grow and was eliminated 
through perforations in the outer wall of the 
pouch in 7 of the 10 animals. In the remain- 
ing 3, late tumor nodules started to grow 3 
weeks after transplantation, while all con- 
trols had died with large tumors before the 
end of the 2nd week. 

Conclusions. 1. The inhibition of Walker 
tumors by MRLS tissue does not depend upon 
concomitant growth of the 2 tumors. Auto- 
lyzed, non-growing MRLS is also effective in 
preventing or retarding Walker tumor devel- 
opment. It seems that, when the inflamma- 
tion caused in the air-pouch by the autolyzed 
suspension is sufficient to perforate the wall 
of the pouch and eliminate its content, no tu- 
mor will later develop. On the other hand, if 
no perforation occurs, the carcinoma even- 
tually grows but is considerably retarded. 
The animals injected with MRLS survive 
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(b) 

FIG. 1. (a) Necrotic tissue in a 17-day-old pouch injected with both Walker tumor and autolyzed 

MRLS. The bearer was killed for photographic purposes. (b) Pouch of the same age containing 
Walker tumor alone. The bearer was the last of its group to die. 


sometimes as much as 2% times (experiment 
1: 43/17 days) as long as the untreated tu- 
mor bearers. Undoubtedly this is not the 
result of any type of inflammation, for we 
have studied the action on tumor growth of 
many irritants and autolyzed tissues, and 
none had an effect comparable to that of 
autolyzed MRLS(3). 2. The termination 
of the inhibitory phase seems to depend on 
the age of the Walker transplant (about 3 
weeks) and not on the duration of the in- 
flammation caused by autolyzed MRLS. In- 
deed, the tumor development is prevented for 
the same length of time, either by a 10-day- 
old MRLS-pouch or by a newly formed 
MRLS inflammation. 

Summary. Autolyzed, non-viable lympho- 
sarcoma tissue, when injected, either before 
or simultaneously, in the same site as Walker 
tumor, can inhibit or retard the growth of the 
latter. 
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Conversion of Pleuropneumonialike Organisms to Bacteria.* 
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The relationship of pleuropneumonialike 
organisms (PPLO) to L forms and to bacteria 
is unknown. By definition the difference be- 
tween L forms and PPLO is that the L forms 
are known to be associated with some bacterial 
species while the PPLO are not. Although 
there are innumerable instances of the pro- 
duction of L forms from bacteria and the 
reversion of the L forms to bacteria, no defini- 
tive proof of such a conversion of PPLO to 
a bacterium has been reported. Minck(1) 
reported that 5 PPLO isolates from the female 
genital tract developed into diphtheroids when 
inoculated into broth. McKay and Taylor(2) 
described the reversion of poultry strains of 
PPLO to bacteria similar to Hemophilus gal- 
linarum when inoculated from fowl or chick 
embryo onto solid medium in the presence of 
added carbon dioxide and partial vacuum. 
They concluded that these organisms were not 
PPLO but L forms. Peoples et al.(3) reported 
on the association of Corynebacterium and the 
Campo strain of PPLO. Recently Wittler 
et al.(4) described the reversion of a strain 
of PPLO isolated from the human urethra to 
Corynebacterium following the inoculation of 
tissue cultures. This Corynebacterium was 
indistinguishable from another Corynebacter- 
zum isolated from the same urethral specimen. 

A crucial test to establish the relation of 
PPLO to bacteria consists of causing the con- 
version of a well established strain of PPLO 
to a bacterium, reliably establishing the rela- 
tionship of the two, and finally bringing about 
the production of the strain of PPLO from the 
derived bacterium. This report relates the 
findings of such an experimental attempt. 

Materials and methods. The strain of 
PPLO employed for most of this study was 
Campo “L”’, obtained in 1949 from Dr. Dienes 
who isolated it from the human urethra and 


* This work was supported in part by contract 
‘between Office of Naval Research and the Univ. of 
Pennsylvania. 
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characterized it as a typical PPLO. It has 
been maintained on artificial solid medium for 
more than 10 years without evidence of re- 
version to a bacterium. In our laboratory it 
has been subcultured weekly on solid medium 
for several years. Two other strains, V73, 
isolated in our laboratory from the human 
urethra(5), and SF29, isolated by Carter(6) 
from the lung of a calf with bronchopneu- 
monia, were examined with respect to associa- 
tion with bacteria. Statistical tests were de- 
signed and calculations performed by Dr. Max 
Woodbury, New York University. The tests 
involved were of the chi square method modi- 
fied to account for (1) the probability that 
contamination of cultures occurred, (2) the 
probability that the contaminant could be a 
diphtheroid and (3) the probability that the 
contaminant could be a nondiphtheroid. Anti- 
gens for PPLO were prepared by growing the 
organisms in large quantities as previously 
described(7), with the exception that penicil- 
lin was added at a level of 100 u/ml to prevent 
the formation of diphtheroids. Antigens for 
the diphtheroids were prepared by harvesting 
18-24 hour cultures grown in heart infusion 
broth. Both types of organisms were sedi- 
mented under sterile conditions in a Servall 
angle centrifuge, repeatedly washed in saline 
and resuspended in saline with “Falba” added 
as adjuvant. Considerably better titers of 
antisera were obtained with the use of the ad- 
juvant. Duplicate albino rabbits were injected 
intramuscularly with 2 ml of the ‘“Falba” 
adjuvant antigen, weekly, until each animal 
had received approximately 2.0 mg of cellular 
nitrogen. The animals were rested for one 
week and bled by cardiac puncture. Antigens 
for agglutination tests consisted of saline 
suspensions of organisms adjusted to give a 
Klett reading of 100. Standard tube aggluti- 
nation tests were found to be satisfactory and 
therefore were used for all serological tests. 
Fermentation tests were run in either brom- 
cresol purple or phenol red broth with added 
one per cent carbohydrate. Tubes were ob- 
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served for acid production and growth over a 
period of 2 weeks. 

Results. Considerable variation in the 
growth of the Campo strain of PPLO has been 
noted over the past 5 years. In addition to 
loss of the requirement for the lipoprotein 
growth factor(8), it has been observed that 
when large volume broth cultures of this strain 
were grown for use in metabolic studies bac- 
teria were encountered very frequently in the 
absence of thallium acetate. The bacteria 
never were observed to appear on agar cul- 
tures of the Campo strain of PPLO and rarely 
in small numbers of 10 ml broth cultures. 
The high frequency of these bacteria in large 
volume cultures prompted an investigation of 
the incriminating organisms. Upon subcul- 
ture onto solid medium, the bacteria grew as 
very minute colonies, approximately 5x the 
diameter of the Campo colonies. They were 
slightly raised with irregularly shaped, dense 
centers, could be transferred with an inoculat- 
ing needle and grew without the added PPLO 
serum fraction. However, added 5% yeast 
extract greatly stimulated growth. Morpho- 
logically, they were Gram-positive, short, club- 
shaped rods and occasionally beaded.  Fer- 
mentation tests revealed that like the Campo 
strain of PPLO, they were inert to all the 
carbohydrates tested. On the basis of these 
findings, the bacterium was identified as be- 
longing to the genus Corynebacterium. Simi- 
lar results were obtained with strains V73 and 
SF29. 

Statistical tests. Initially, attempts were 
made to establish on a statistical basis whether 
the diphtheroids were appearing as contami- 
nants or whether a relationship existed be- 
tween them and the PPLO strain. Conse- 
quently, 2 statistical tests were devised. In 
the first experiment, 100 tubes, each contain- 
ing 10 ml of the PPLO medium, were inocu- 
lated with agar blocks containing colonies of 
the Campo strain. These agar blocks did not 
contain any bacterial colonies upon observa- 
tion at 100X magnification. An additional 
like 100 tubes were inoculated with sterile 
agar blocks. The investigator performing the 
inoculation was unaware of the type of agar 
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TABLE I. Frequeney and Type of Isolations after 
Inoculation of-100 Tubes of Broth. 


-—— Ist exp.—, -——2nd exp. 


Control, Control, 
Inoe. inoe. with Inoe.  inoe. 
with sterile with with 
Campo agar Campo sterile 
PPLO blocks PPLO broth 
Campo only 79 93 
Sterile 96 98 
Diphtheroids 18 0 5 1 
G-positive cocei i 0 2 0 
G-negative rods 2 4 0 1 
Total 100 100 100 100 
xe 20.162 2.886 
P 1:10,000 1:10 


block used for inoculum. Following 3 through 
7 days of incubation at 37°C all the tubes 
were subcultured onto solid medium and those 
appearing to contain bacteria were examined 
by Gram staining. PPLO was found to be 
growing in all tubes inoculated with the Campo 
strain. Table I shows the results of this first 
experiment. Statistical analyses revealed that 
the probability of the diphtheroids being a 
contaminant was less than 1 in 10,000. 


Since there was a chance that microscopic 
bacterial colonies were present on the agar 
inoculum and since the diphtheroids appeared 
only in liquid medium, a test was devised to 
select against the occurrence of the bacteria. 
The second experiment was identical to the 
first except that the inoculum used was 0.1 ml 
of pooled broth cultures of the Campo strain 
free from bacterial growth and of sterile broth. 
Broth cultures of the Campo strain prepared 
for inoculum which exhibited diphtheroids 
were discarded. The results of this second 
experiment are shown in Table I. As would 
be expected when employing an inoculum se- 
lected against the formation of diphtheroids, 
the probability that the diphtheroids were con- 
taminants increased. However, it was still 
within the limits of 10%. 

Repeated experiments of these 2 types by 
different investigators gave approximately the 
same results over a period of 3 years. How- 
ever, it was found that the addition of 5% 
yeast extract aided in the production of the 
diphtheroids. 
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TABLE IT. Cross Agglutination between PPLO 
Strains Expressed as Reciprocal Titers. 
———_ Antigen —————_,, 

Antisera CampoPPLO O7PPLO J PPLO 

Campo PPLO 1024 32 1024 

O7 ed < 1024 bs 

J Ws 0 0 2048 


Biochemical tests. Examination of the fer- 
mentative ability of 15 diphtheroids isolated 
from Campo PPLO cultures and the Campo 
strain of PPLO showed that neither of these 
2 types of organisms produced acid in the pres- 
ence of glucose, maltose, sucrose, lactose, fruc- 
tose, mannitol, inositol and salicin. The or- 
ganisms multiplied in these test cultures. All 
diphtheroids isolated as air contaminants and 
from the oral cavity of the investigators were 
shown to be capable of producing acid from 
some of the above mentioned carbohydrates. 

Serological tests. Although statistical tests 
indicated that the diphtheroids were not con- 
taminants and that the diphtheroids isolated 
from Campo cultures differed from diphther- 
oids isolated from the air and the oral cavity 
in their fermentative capacity toward carbo- 
hydrates, a more reliable relationship was 
sought by the use of serological tests. 

Table Il shows that a relationship exists 
between 2 human urethral strains, Campo and 
07, and a poultry strain, J, of the pleuropneu- 
monialike group. The inability of the J anti- 
serum to agglutinate Campo and 07 antigens 
can be explained by interference of antibody 
production to a minor antigen by a major anti- 
gen(9). 

The cross agglutination reactions of the 
Campo PPLO, the Campo diphtheroid (Cam- 
po D) and the V73 diphtheroid (V73D) are 
shown in Table III. PPLO strains, 07 and J, 
failed to react significantly with the diphther- 
oids, although there is a cross reaction between 


TABLE IIT. Cross Agglutination between PPLO 
and Diphtheroids. 


——— Antigen———,, 


Antisera Campo PPLO Campo D V73 D 
Campo PPLO 1024 64 16 

ee 481) 16 1024 128 
V73 D 512 256 1024 
PPLO strain, O7 1024 ND 0 

” 2? 5 ri 0 ” 4 


ND = not done. 
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these 2 PPLO and the Campo PPLO. No 
antigen or antiserum was prepared for the 
V73 PPLO because of the poor capacity of 
this strain to grow in liquid medium. Table 
IV shows the results of cross agglutination 
reactions between the Campo PPLO, the 
Campo diphtheroid and the V73 diphtheroid 
after reciprocal adsorptions. As can be seen 
reciprocal adsorptions removed the common 
antibodies in all instances. 

Conversion of diphtheroids to PPLO. 
Numerous attempts have been made to derive 
a PPLO from the diphtheroids isolated from 
Campo cultures. In no instance was an L 
type colony reliably identified. Among the 
methods used in these attempts were the use 
of high concentrations of penicillin with and 
without added salts(10), cold shock and the 
use of glycine(11). 


TABLE LV. Cross Agglutination after Adsorption 
with PPLO and Diphtheroids. 


———— Antigen — 
Cells used for Campo Campo 

Antisera adsorption PPLO D V73 D 
Campo, Unadsorbed 1024 64 16 
PPLO Campo, PPLO 0 0 0 
DD 64 0 ND 
V73 D 64 ND 0 
Campo D  Unabsorbed 16 1024 128 
Campo, PPLO 0 512 ND 
bE oD} 0 0 32 
V73D ND 8 0 
V73 D Unadsorbed 512 256 1024 
Campo, PPLO 0 ND 16 
cone ND 0 4 
V73 D 0 16 0 


ND = not done. 


Discussion. The combined results of the 
various studies established that a relationship 
exists between the diphtheroids isolated from 
the PPLO cultures and certain strains of PP- 
LO. First, statistically designed tests showed 
that the bacterium found most frequently in 
the PPLO cultures, a species of Corynebacte- 
rium, was not a contaminant, even when the 
inoculum was selected against the presence of 
PPLO capable of producing diphtheroids. 
Second, morphological and biochemical stud- 
ies indicated that the diphtheroids isolated 
from the PPLO cultures were identical with 
one another but different from air and oral 
diphtheroids. Third, a definite serological re- 
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lationship was found between those PPLO 
giving rise to diphtheroids and the derived 
diphtheroids but no serological cross reaction 
between PPLO strains not giving rise to diph- 
theroids and the derived diphtheroids. Al- 
though it is apparent that the Campo and V73 
strains can be converted to diphtheroids, final 
confirmation of the phenomenon cannot be 
made until serological tests show the diphther- 
oids from PPLO cultures are similar or identi- 
cal with one another but different from con- 
taminant diphtheroids and until the diphther- 
oids are converted to a PPLO similar or iden- 
tical to the parent PPLO. 

Eventual establishment of a relationship be- 
tween all PPLO strains and some microbial 
species is not improbable. The conversion of 
bacteria to a stable L form can be considered 
to involve a mutation or mutations, either 
spontaneous or induced. Conversion of a 
PPLO, which can be considered a stable L 
form, although the related bacterium is un- 
known, to a bacterium can likewise be con- 
sidered to involve a mutation or mutations. 
In the case of the 3 strains which exhibited 
conversion to diphtheroids in this study, spon- 
taneous mutation could be operative. Other 
strains, which have not shown a tendency to 
convert may have such a low mutation rate 
that conversion is not evident. If the proper 
conditions were employed conversion might 
occur in all PPLO strains. Presently these 
conditions are unknown. Additional evidence 
that PPLO may be related to some microbial 
species is the widespread ability of bacteria 
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to form L colonies and protoplasts. 

Summary. A high frequency of appearance 
of diphtheroids in liquid culture of 3 estab- 
lished strains of pleuropneumonialike organ- 
isms has been noted. Statistical, morphologi- 
cal, biochemical and serological tests have 
shown that a relationship exists between these 
diphtheroids and the pleuropneumonialike 
organisms in which cultures the bacteria ap- 
pear. All PPLO strains tested are serologic- 
ally related. PPLO strains not giving rise to 
diphtheroids do not cross react with diphther- 
oids. Diphtheroids appearing in PPLO cul- 
tures differ from oral and air diphtheroids. 
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Chlortetracycline in the Nutrition of Guinea Pigs.*t (23537) 


B. L. O’DEL1, W. O. REGAN AND A. G. HoGAN 


Department of Agricultural Chemistry, University of Missouri, Columbia 


Numerous reports indicate that chlortetra- 
cycline (aureomycin) is harmful to the 


* Contribution from Mo. Agric. Exp. Station, Jour- 
nal Series No. 1776. Approved by the Director. 

+ The aureomycin HCl was generously supplied 
through the courtesy of Dr. T. H. Jukes, Lederle 
Laboratories Division, Amer. Cyanamid Co., Pearl 


River, N. Y. 


guinea pig. Roine e¢ al.(1) have reviewed 
the literature and have explained the toxicity 
of orally administered aureomycin on the 
basis of a change in the intestinal flora. They 
found in treated animals an abundance of or- 
ganisms that belong to the genus Listeria, and 
believed this organism to be the cause of 
death. Eyssen e¢ al.(2) found penicillin, baci- 
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TABLE I. Chlortetracyeline and Growth Rate of 
Weanling Male Guinea Pigs. 


Chlortetracycline No.of Avg daily gain, 
HCl, mg/kg diet animals g (8 wk) 
A. Purified diet 
0 12 6.3 
25 8 5.5 
50 4 6.5 
75 8 5:3 
100 4 6.4 
200 4 5.7 
B. Stock diet 
0 + 5.9 
25 12 6.0 


tracin, streptomycin and chlortetracycline to 
be toxic when administered singly or in vari- 
ous combinations, but their observations did 
not correspond to those of Roine e¢ al.(1). 
They were unable to isolate Listeria monocy- 
togenes, and penicillin and chloramphenicol 
did not protect against chlortetracycline. 
Chlortetracycline is not toxic under all lab- 
oratory conditions. Hewes(3) observed that 
it stimulated the growth of weanling guinea 
pigs and had no adverse effect on reproduc- 
tion. 

The purpose of this communication is to 
present additional evidence that chlortetra- 
cycline is not harmful to guinea pigs under 
all conditions and, in fact, is helpful in the 
control of certain infections. Chlortetracy- 
cline has been fed to guinea pigs in this lab- 
oratory for a period of about three years with- 
out evidence of toxicity. The experimental 
data presented here show its effect on growth 
and reproduction. 

Methods. Two types of diets were used. 
One was a practical type diet composed of 
ground wheat 26; wheat germ 6; alfalfa meal 
34; dried yeast 15; iodized salt 1; steamed 
bone meal 2; soybean oil meal 15; vitamin 
A-D concentrate 1; MnSO,* HsO 0.025 and 
ascorbic acid 0.05%. The purified diet was 
similar to ration 3884 previously described 
(4), but contained 2.7% potassium acetate 
and 0.5% magnesium oxide in place of an 
equal amount of sucrose. For growth studies, 
groups of male guinea pigs weighing from 170 
to 200 g were fed the respective diets for eight 
weeks. Feed and water were supplied ad libi- 
tum and the animals were weighed weekly. 
The reproduction data are based on all ani- 


mals in the stock breeding colony during two 
periods—one year before the use of chlortetra- 
cycline and the year following. It was in- 
cluded in the stock diet at a level of 25 mg/ 
kg. The animals were kept in battery cages 
with one male and three females per cage. 
The litters were born in the colony cage so 
that mating usually occurred immediately 
after parturition. 

Results. Chlortetracycline was first used 
in the colony to treat an acute infectious en- 
teritis of unknown etiology. It was effective 
in controlling this epidemic and it seemed de- 
sirable to include the antibiotic in the diet 
routinely. Since chlortetracycline had been 
reported to be toxic to guinea pigs, it was fed 
to weanling animals at different levels to 
check toxicity under our conditions. The re- 
sults of this trial are shown in Table I. The 
number of animals was small and conse- 
quently there was a high variability in rate of 
growth, but under the conditions, chlortetra- 
cycline had no significant effect on rate of 
gain. There was no mortality during the 
eight-week period. In view of these results, 
25 mg/kg of diet seemed well within the tol- 
erance of the guinea pig and this level has 
been included in experimental diets fed to 
over 1000 weanling guinea pigs with no ob- 
vious adverse effect. In fact, it appears help- 
ful in the control of certain types of infec- 
tious enteritis, but it has not prevented Sal- 
monella infections. 


The data in Table II show the reproductive 


TABLE II. Effect of Chlortetracycline on Repro- 
ductive Performance of Guinea Pigs. 


Period I* Period IIt 
Chlortetracycline HCl 0 25 mg/kg 
No. females 161 138 
No. mortalities 94 51 
Cases of lymphadenitis 21 1 
No. of abortions 24 7 
No. of litters 352 248 
No. of young born 998 822 
% weaned OL De 
Avg birth wt (g): 
2 in litter 117 ( 75) 117 (48) 
Jee ee te 97 (120) 107 (95) 
Lp Poet 98 ( 61) 96 (49) 


* Period I extended from 9/1/53 to 9/1/54. 

+ Started aureomycin supplement 9/1/54. Period 
IT from 10/1/54 to 9/18/55. 

$ No. in parentheses indicates No, of litters. 
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performance of the stock colony during the 
year before use of chlortetracycline and the 
year following. The number of females in- 
dicated includes all animals that were in the 
colony during the year regardless of the pe- 
riod of time. The number in period I was 
greater because of higher mortality and hence 
a larger number of replacements. During 
period I, about 13% of the animals were af- 
fected with cervical lymphadenitis? or lumpy 
jaw, but there was only 1 case after the use 
of chlortetracycline. Since that time there 
have been no cases in the colony. The per- 
centage of abortions was markedly lower in 
period II. The litter size, birth weight and 
weaning percentage were slightly, but perhaps 
not significantly, higher during period II. At 
the present time a large proportion of our ex- 
perimental animals are among the fourth gen- 
eration since chlortetracycline has been rou- 
tinely used in the colony diet. 

In view of the observations of Roine e¢ al. 
(1), one might suspect that the successful use 
of dietary chlortetracycline may be due to the 
absence of certain types of bacteria in the in- 
testinal flora of our animals. Listeria was 
thought to be the causative agent in the Fin- 


¢ The causative organism, which belonged to the 
genus Streptococcus, was isolated and identified by 
Dr. L. D. Kintner, Veterinary Pathology Department. 
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land colony. In view of widespread occur- 
rence of Listeria nténocytogenes, it seems un- 
likely that our colony is free of this organism. 
In fact, in at least one case it has been cul- 
tured from an animal during a routine patho- 
logical check. 

Summary. Chlortetracycline hydrochloride 
has been included in various diets of a guinea 
pig colony for 3 years without evidence of 
toxicity. It had no effect on growth rate and 
caused no mortality when added to a purified 
diet at levels from 25 to 200 mg/kg. At the 
routine level of 25 mg/kg, the antibiotic de- 
creased abortions and adult mortality and 
eliminated cervical lymphadenitis from the 
breeding colony. Although chlortetracycline 
may be toxic to guinea pigs under some con- 
ditions, in our laboratory it has been bene- 
ficial in the maintenance of a breeding colony 
and has been used routinely in purified ex- 
perimental diets for growth studies. 


1. Roine, P., Ettala, T., Raitio, A., and Vartio- 
vaara, U., Brit. J. Nutrition, 1955, v9, 181. 

2. Eyssen, H., De Somer, P., and Van Dyck, P., 
Antibiotics and Chemotherapy, 1957, v7, 55. 

3. Hewes, C. G., J. Nutrition, 1955, v57, 353. 

4. O'Dell, B. L., Vandepopuliere, J. M., Morris, 
E. R., and Hogan, A. G., Proc. Soc. Exp. Bion. AND 
Mep., 1956, v91, 220. 


Received August 16, 1957. P.S.E.B.M., 1957, v96. 


(23538) 


Rospert H. DREISBACH 
Department of Pharmacology, Stanford University School of Medicine, Stanford, Calif. 


Many investigators have compared Ca*? 
exchange in various tissues(1,2,3), but none 
appear to have included the salivary glands 
in their studies. Chemical determinations of 
calcium concentration in the salivary glands 
of cats has revealed that the concentration 
was approximately twice that of plasma(4). 
In dogs, no difference was apparent(4). His- 
tochemical determination of calcium in mouse 
tissues did not reveal a greater concentration 
in salivary glands than in other tissues(5). 
The present report compares the changes in 


specific activity with time after administra- 
tion of calcium*® in the submaxillary gland, 
kidney, and blood of female rats. Total cal- 
cium in submaxillary glands, kidneys, and 
blood of rats is also determined. 

Methods. Calcium*? chloride* in a dose 
of 10 pc was given to ether-anesthetized 6- 
month-old virgin female Long-Evans rats by 
injection into a foot vein. At intervals from 


* Calcium#> was purchased from Union Carbide 
Nuclear Co., Oak Ridge, Tenn. under license number 
4-918-1. The specific activity was 92 Mc/g. 
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1 minute to 48 hours animals were etherized 
and organs removed, blotted, and weighed in 
tared 10 x 75 mm boro-silicate glass tubes. 
Blood was also collected and weighed in the 
same way. Samples were wet-ashed at tem- 
peratures below 120°C with fuming nitric 
acid, perchloric acid, and 30% hydrogen per- 
oxide. Total calcium was analyzed by flame 
photometry using a Beckman DU, oxy- 
acetylene burner, and a specially built high- 
sensitivity, stable, photomultiplier recording 
attachment.t Emission interference was es- 
timated by the addition of a known amount of 
calcium to the unknown and repeating the 
analysis(6). Exhaust gases from the flame 
were passed by suction through a double thick- 
ness of Fiberglas No. PF105 to remove Ca*®.? 
Radioactivity of the calcium present in each 
sample was determined by oxalate precipita- 
tion of an aliquot after addition of sufficient 
carrier calcium to assure complete recovery. 
The precipitate was spread on copper plan- 
chets and counted with an end-window GM 
tube. Samples were counted in the infinitely 
thin region (less than 1 mg/cm?) as shown 
by recoveries of added Ca**. Initially, sam- 
ples were taken of liver, kidney, submaxillary 
gland, parotid gland, pancreas, ovary, and 
blood, but for comparison, only blood, kidney, 
and submaxillary gland will be discussed. 
Specific activities in liver, pancreas, and 
ovary were similar to kidney while parotid 
gland was similar to submaxillary gland. 
Results. 1) Calcium concentration in rat 
organs: In 22 normal female Long-Evans rats, 
the mean and standard errors of stable cal- 
cium concentrations were as follows: Blood 
3.66 + .14 meq/kg; kidney 4.0 + 0.1 meq/ 
kg; submaxillary gland 21.6 + 1.0 meq/kg. 
2) Exchange of Ca* in rat organs: Table 
I details the changes in specific activity in 
kidney, blood, and submaxillary gland at vari- 
ous times after intravenous administration of 
10 pc Ca*°Cly. Differences in exchange by 
kidney and submaxillary glands are obvious 


t Description available on request. 

¢ Filter designed by Mr. Charles Lapple, Stanford 
Research Institute, Menlo Park, Calif. Fiberglas 
supplied by Fiberglas Engineering Supply Division, 
Owens-Corning Glass, San Francisco, Calif. 
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TABLE I. Specific Activity* in Blood, Kidney, 
and Submaxillary Gland at Various Times after 
Intravenous Administration of 10 we Ca® iv. (3 
Rats at Each Time Interval, Each Line Represents 


1 Animal). 
Submaxillary 
Time Blood Kidney gland 
5 min. 249 160 51 
249 175 42 
235 215 i 
1 hr 45 44 29 
50 43 30 
43 67 19 
4 33 32 49 
29 24 43 
35 32 50 
8 17 22 130 
28 39 70 
45 48 76 
12 15 12 27 
17 1y/ 32 
13 10 32 
18 41 35 39 
22 22 33 
24 39 45 
24 7.5 9.5 12 
4.4 7.2 9.3 
4.5 ee 8.8 
48 2.7 2.3 4.0 
1 4.3 4.0 
7.2 6.2 12.0 


* Counts/sec./meq Ca. 


at 5 minutes and at 8 hours. The rapid fall 
in blood specific activity represents exchange 
of calcium*? with bone calcium. 

Because the specific activity level in blood 
of different animals was variable, the ratios of 
specific activity in various organs in the same 
animal was used as a better means of com- 
parison. Thus, retention of Ca*® in one organ 
as compared to blood or to another organ 
would give a ratio greater than one. On the 
other hand, delayed exchange in an organ 
would give a ratio less than one. Table II 
presents the ratios of specific activity of Ca in 
the submaxillary gland as compared to the 
kidney and blood, and the ratio of specific ac- 
tivity in kidney as compared to blood. 

The ratios of specific activity of Ca?® in 
submaxillary gland as compared to kidney or 
blood shows a rise from 5 minutes to 8 hours. 
These ratios then fall and at 18 hours the dif- 
ference between blood, kidney, and the sub- 
maxillary gland is no longer significant. The 
probability of chance occurrence of these dif- 
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TABLE II. Ratios* of Specific Activities of Sub- 

maxillary Gland as Compared to Blood or Kidney, 

and of Kidney Compared to Blood at Various 

Times after Intravenous Injection of 10 ye Ca® 
(6 Rats at Each Time Interval). 


Submanxillary gland Kidney 
Kidney Blood Blood 
1 min. .96 + .06 
5 20 + .05 18+ .04 PO a= OY 
4 hr 1.40 + .10 130+ .20 INO Se ciK0 
8 "eb Se Sf 2D a 10) Hell se gil 
12 2.06 += .13 ey as AS AN sas AUX8 
18 ie) “Se gil I se 62 ils) Se <6} 


* Mean + stand. error. 


ferences was less than .03 at 5 minutes, 8 
hours, and 12 hours. The differences at the 
other time intervals were not less than .05. 
The data indicate a significant delay in the 
exchange of Ca in the submaxillary gland. 
The equilibration time appears to be greater 
than 4 hours, although exact determination is 
difficult since the blood specific activity is 
falling rapidly. 

In another experiment, the rapidity of ex- 
change in the kidney was determined by kill- 
ing the rats 1 minute after the injection of 
Ca*®. The mean ratio of kidney specific ac- 
tivity to blood specific activity in 6 rats was 
0.96 with a standard error of + .06, indicat- 
ing that exchange was complete even at this 
short time interval. 

Discussion. Various mechanisms can be 
postulated to explain the slow exchange of ra- 
dio-calcium in the submaxillary gland. First, 
the slow exchange may represent a metaboli- 
cally dependent, rate-limiting process for ex- 
changing calcium across the cell membrane or 
the membrane of an intracellular particle. 
The fact that total calcium in the submaxil- 
lary gland is approximately 5 times as high 
as in the kidney indicates fundamental dif- 
ferences in the way the two tissues handle 
calcium. 

Secondly, the slow exchange may represent 
a slow rate of dissociation of a tightly bound 
Ca complex either inside the cell or the cell 
surface. The specific activity ratio at 5 min- 
utes between actively exchanging calcium in 
the submaxillary gland and total kidney cal- 
cium was recalculated on the assumption that 
the actively exchanging calcium in the gland 
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was equal to total kidney calcium. This re- 
calculated ratio was.80 + .06 indicating that 
the exchange was still slower than kidney. 
Thirdly, the slower exchange of Ca*® in the 
submaxillary gland could also be explained if 
the blood flow per unit weight in the gland 
was extremely small as compared to the kid- 
ney. Ca*> exchange within the kidney is com- 
plete in one minute, and presuming a renal 
blood flow (RBF) of 2.5 ml/g/minute this 
would indicate that a blood flow of 2.5 ml was 
sufficient to equilibrate 4.02 »eq of Ca (kid- 
ney Ca conc. = K,). Since the submaxil- 
lary gland contains 21.6 weq Ca/g (submax- 
illary gland Ca conc. = S,), a flow of 13.5 
ml of blood should be sufficient for equilibra- 
tion (S./K. x RBF). If an equilibration 
time (ET) of 4 hours is accepted, then blood 
flow would need to be as low as 3.3 ml/g /hour 


So/ Ke 2 RBE 
—  ]} to be a limiting factor. 
ET 


Burgen(7) found the venous outflow rate 
from the unstimulated submaxillary gland in 
dogs was 13 ml/g/hour. This presumably is 
low since it was taken after surgical isolation 
of the blood vessels. Thus, if the submaxil- 
lary circulatory volume of rats is at all com- 
parable to that in dogs, the rate of circulation 
is apparently not the only factor controlling 
the slow exchange of Ca*® in the submaxillary 


gland. 
Studies are being made to elucidate the 
mechanisms controlling the high salivary 


gland Ca, the slow exchange with blood Ca, 
and of the part this Ca plays in the secretion 
of saliva calcium. 

Conclusion. 1. Ca*? accumulation and loss 
in the submaxillary gland is much slower 
than in the kidney. Equilibrium between the 
gland and blood is reached approximately 4 
hours after administration, while at 8 hours 
the specific activity of calcium in blood and 
kidneys has fallen to less than one-half that 
in the submaxillary gland. Equilibrium is 
again reached at 18 hours. 2. In female 
Long-Evans rats, total calcium in the submax- 
illary gland was 21.6 + 1.0 meq/kg, in the 
kidney 4.0 + 0.1 meq/kg and in blood 3.66 
+ .14 meq/kg. 
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Host Resistance to Hemorrhagic Shock X. Induction of Resistance by 


Shock Plasma and by Endotoxins.* 


(23539) 


F. GEOFFREY SmiIppyt AND J. FINE 
Yamins and Kirstein Laboratories for Surgical Research, Beth Israel Hospital and 
Department of Surgery, Harvard Medical School, Boston, Mass. 


The blood and tissues of an animal (dog, 
rabbit) in prolonged hemorrhagic shock con- 
tains a toxin which is the product of bacterial 
activity(1). It accumulates in consequence 
of injury to the antibacterial defense mechan- 
isms and produces irreversibility to transfu- 
sion and death. If the integrity of the anti- 
bacterial mechanisms could be sustained, so 
that these toxins would be neutralized, or 
their production suppressed, the shock, even 
if severe and prolonged, should remain re- 
versible to transfusion. 

Accordingly, experiments were designed to 
explore the possibility of inducing tolerance 
to hemorrhagic shock, i.e. preventing devel- 
opment of irreversibility to transfusion, by 
prior exposure to known bacterial endotoxins. 
Should tolerance to shock be so induced, the 
same result might also be obtained by prior 
exposure to plasma from irreversibly shocked 
animals, if the toxic factor in this plasma 
which produces irreversibility is in fact a bac- 
terial endotoxin. The data in this communi- 
cation demonstrate that protection against 
irreversibility to transfusion and death from 
severe and prolonged hemorrhagic shock can 
be secured by prior treatment with plasma 
from severely shocked animals, as well as by 


* Aided by grant from National Heart Inst., N.L.H., 
Bethesda, Md., and by Contract with Office of Sur- 
geon General, U. S. Army. 

t Holder of Travelling Fellowship from Leeds Gen- 
eral Infirmary, Leeds, England. 


prior treatment with known endotoxins. 


Method. Rabbits were selected as the most 
suitable species in which to produce tolerance 
to endotoxin, and subsequently to gauge the 
effect of such tolerance on the course of hem- 
orrhagic shock. The MLD/100 of Difco £. 
coli Endotoxin (Batch No. 0127-B8) was 
found to be 2 mg/kg body weight in normal 
rabbits. The MSD/100 (maximal surviving 
dose, 7.e. the highest dose that can be given 
with a zero mortality rate) was 0.03 mg/kg. 
Seven groups of adult albino rabbits (average 
weight 2-3 kg) were trained for 3 days so that 
spontaneous fever would not occur in response 
to the required manipulations(2). Each rab- 
bit then received a daily dose (1 MSD/100 
or less—see Table I) of endotoxin intraven- 
ously for 7 successive days. In every instance 
observations were made on the fever response, 
and on the total and differential leucocyte 
count during the subsequent 6 hours. The fe- 
ver response was characteristic for endotoxin 
and showed the anticipated daily decline, so 
that by the seventh day the curve was charac- 
teristic of induced tolerance to the endotoxin 
(Fig. 1). On the eighth day hemorrhagic 
shock was produced by a standard method 
described elsewhere(3), and tolerance to 
shock observed, especially with regard to rate 
of “take-up” (i.e. spontaneous return of the 
shed blood to the animal from the elevated 
reservoir), pressor response to transfusion, 
survival time and survival rate. One of the 7 
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TABLE I. Survival of Rabbits Subjected to 6 
Hours of Hemorrhagic Shock following Pretreat- 
ment with 7 Daily Injections of Endotoxin* or 
Shock Plasma. 
OO 


« Total No. 
Daily dose, c ~ 
Exp mg/kg Animals Survivors 
1 .03 endotoxin 6 6 
oF .015 se 6 5 
5 .0075 2 6 5 
4t .002 ie ff 6t 
5 001 4 6 5 
6 0005 “a 10 3 


a | 


(ee) 


13 ml shock plasma 10 


* MLD = 2 mg/kg/b.w. 

t 3 of these 6 animals recovered from shock but 
died of sepsis after 48 hr. Gastrointestinal hemor- 
rhage, characteristic of shock, was not found. 


groups of rabbits was exsanguinated 30 min- 
utes after the transfusion, and the blood so 
removed was tested, as described elsewhere 
(1), for the presence of the toxin causing 
irreversibility. The foregoing experiments 
were repeated in another series of rabbits, ex- 
cept that, in place of endotoxin, a daily intra- 
venous injection of 13 ml§ of irreversible 
shock plasma, known to contain the lethal 
toxin, was given for 7 successive days. If 
the toxin in this plasma is an endotoxin, one 
should expect the plasma to act like known 
endotoxin in respect of the induction of tol- 
erance. Accordingly, the fever and leucocyte 
responses were obtained following each daily 
injection. Some of these rabbits were then 
tested for tolerance to prolonged shock. 
Others were put into shock for 144 hours and 
compared with unprepared (i.e. normal) rab- 
bits in shock for 1% hours for their suscep- 
tibility to the toxin in shock plasma causing 
irreversibility.+ 

Results. 1. Fever Response. The upper 
2 curves in Fig. 1 depict the characteristic 
course of the fever following intravenous in- 


tA Normal rabbit transfused after 114 hours of 
hemorrhagic shock with its own blood or plasma re- 
covers promptly and survives without damage to the 
gut. If transfused with toxic blood or plasma, in- 
stead of its own shed blood, the response to trans- 
fusion is poor, the gut is hemorrhagic and death fol- 
lows. 

§ Previous experience had shown that as little as 
13 ml of such plasma could kill a 1% hour shock 
recipient. 
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jection of one MSD/100 or less of endotoxin 
on the first and on-the seventh days. The 
lower 2 curves in Fig. 1 show the correspond- 
ing fever curves in response to shock plasma. 
Except for the occasional absence of the typi- 
cal notch in the first day curve at about 1% 
hours, they are virtually the same. 

Comment. Normal plasma or plasma from 
normal blood standing in a reservoir for 6 
hours at room temperature (to simulate the 
conditions of the shock experiment, in which 


PYROGEN CURVES. 
E.COLI ENDOTOXIN 0.0004. M.L.D. 


DAY |. DAY 7. 
5 
oF 4 
3 
2 
| 
10) 
2 4 6 HRS. 2 4 
6HR.SHOCK PLASMA. 
DAY |. DAY 7 
5 
op 4 
3 
2 
| 
0. 
4 6 2 4 
c HRS. o 
FIG. 1. Upper left curve depicts characteristic 


fever response of normal rabbit during 6 hr follow- 
ing first intrav. inj. of a sublethal dose of endo- 
toxin. Upper right curve shows fever response on 
the seventh of seven successive daily inj. of the 
same dose of endotoxin. Lower curves depict cor- 
responding fever response curves to 13 ml irrever- 
sible shock plasma given in place of the endotoxin. 
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shed blood, which is later returned to the 
animal, might become contaminated with py- 
rogens in the reservoir) were uniformly non- 
pyrogenic (six experiments). 

Il. Leucocyte Response (Total and Dif- 
ferential Counts). A decline in the total and 
granulocyte count begins almost immediately 
following injection of endotoxin. The granu- 
locytopenia reaches its lowest level within 60 
to 120 minutes. Recovery of the normal total 
and differential counts begins after this time 
and is back to normal after 3 or more hours, 
depending on dose of endotoxin given. The 
injection of shock plasma produces a similar 
response. The acquisition of tolerance to en- 
dotoxin is reflected in the declining fever re- 
sponse to repeated daily injections of endo- 
toxin or shock plasma. It is not reflected in 
the granulocytopenic response, which is quan- 
titatively the same from day to day. Hemor- 
rhagic shock also produces a_ granulocyto- 
penic response in both tolerant and non-toler- 
ant rabbits. But the drop in the count is less 
in the tolerant animal, and there is a rapid 
return to a normal or above normal count dur- 
ing the shock period (Fig. 2B). In the non- 
tolerant animal the count remains at its low- 
est level until death (Fig. 2A). 

Ill. Course of Hemorrhagic Shock. The 
maximum bleeding volume, i.e. maximum 
amount of blood lost into the reservoir (some 
60-80 ml), is the same in rabbits tolerant to 
endotoxin or shock plasma as in normal rab- 
bits. As described elsewhere(3), little or 
none of the shed blood in the elevated reser- 
voir connected to the femoral artery returns 
spontaneously during the first 114-2 hours of 
shock in the normal, 7.e. the non-tolerant ani- 
mal. The same is true for the tolerant ani- 
mal. But if the shock is allowed to continue, 
the course of events differs markedly between 
these 2 preparations. In the non-tolerant ani- 
mal, blood returns spontaneously at a variable 
rate, and when 40-50% of the total has re- 
turned, forced infusion of the remainder is 
followed by a transient pressor response and 
death. Spontaneous return of 40-50% of the 
blood usually occurs within 4-5 hours. Even 
if less than this volume has returned by this 
time, forced infusion of the remainder is not 
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curative. The spontaneous return of blood 
(“take-up”) is evidence of failing vasocon- 
strictor compensation. As a rule, the more 
rapid the take-up, the shorter the survival 
after normovolemia has been restored. In 
most instances death occurs within 12 hours. 
Only a few survive up to 24 hours. None 
survive beyond the sixth hour if none of the 
shed blood is force-infused. In the rabbit 
which is tolerant to endotoxin or to shock 
plasma no blood from the reservoir returns to 
the animal during the period of exposure to 
shock (6 hours). Transfusion after 6 hours 
of the entire content of the reservoir produces 
an immediate and sustained pressor response, 
with prompt and full recovery in 70% of 
rabbits tolerant to endotoxin, and 80% of 


CHANGE IN NO_OF CIRCULATING WHITE CELLS IN 
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*4300 
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CHANGE IN NO.OF CIRCULATING WHITE CELLS 
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FIG. 2. A. Dotted line shows that sharp drop in 
granulocyte count of normal rabbits during pro- 
longed hemorrhagie shock persists for duration of 
the shock. Return of the total white count to nor- 
mal by the sixth hr is due to an absolute lympho- 
cytosis. B. Rabbit resistant to endotoxin shows 
a much milder and very transient leucopenia, and 
a capacity while still in shock to respond with a 
granulocytosis. 
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rabbits tolerant to shock plasma (Table I). 
The non-survivors live for an average of 24 
hours. 


In Fig. 3 the solid line curve is typical of 
the rate of take-up in a normal rabbit in hem- 
orrhagic shock at 50 mm Hg. The slope of 
the curve varies somewhat from one group of 
experiments to another, and in the warmer 
seasons the slope is steeper. The broken line 
is the curve for the rabbit resistant to endo- 
toxin or shock plasma. Its horizontal shape 
signifies sustained compensation, i.e. no take- 
up for the full 6 hours. 


Comment. The dose of endotoxin used to 
produce tolerance varied from 1/75-1/4,800 
of an MLD /100. The tolerance to shock, as 
judged by mortality rate, was about the same 
for all doses down to and including 1/2400 
of an MLD /100.! The shock plasrma was as 
efficient as endotoxin in producing tolerance 
to shock. But it is difficult to say whether one 
can justifiably assay the endotoxic potency of 
the shock plasma in terms of the quantitative 
data on the effectiveness of endotoxin. 

IV. Toxicity of Blood of Rabbits Resistant 
to Shock. The blood taken after 6 hours in 
shock from one group of endotoxin-tolerant 
rabbits, and tested for the presence of the 
toxin causing irreversibility, was non-toxic in 
seven of nine experiments. 

V. Susceptibility of Tolerant Rabbits 
Transfused After 1% Hours in Shock to 
Toxic Plasma. In this experiment 5 rabbits 
tolerant to shock plasma and, therefore, tol- 
erant to shock, were put into shock for 1% 
hours, then transfused with plasma known 
to be toxic to non-tolerant rabbits. Four out 
of the 5 survived, whereas only one of 12 non- 
tolerant animals survived similar treatment 
(Gaye 

Comment. From the first of the latter 2 
observations one may infer that the animal 
tolerant to shock is tolerant by virtue of its 
ability either to prevent production of toxin 


|| In Exp. IV (Table I) the 3 rabbits which died 
at 48 hours behaved during shock and in response to 
transfusion as well as the others. Intestinal mucosa 
at death was of normal appearance. Their death 
was attributable to severe sepsis in the groin 


wounds. 
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or to neutralize toxin if produced. That at 
least the latter is true is demonstrated by the 
second of these 2 observations. 


Discussion. The evidence that a bacterial 
factor is involved in the death from hemor- 
rhagic shock(4,5,6) is strongly supported by 
the foregoing observation that induction of 
tolerance to endotoxins induces tolerance to 
hemorrhagic shock. This observation also ex- 
plains development of tolerance to hemor- 
rhagic shock as well as drum shock in rats as 
a result of prior exposure to a sublethal 
amount of drum trauma(7), since there is rea- 
son to believe that bacterial invasion is facili- 
tated by such trauma(8). 


The fact that shock plasma contains a sub- 
stance which acts like endotoxin in respect of 
the fever response to intravenous injection, 
and in respect of the capacity to induce toler- 
ance to hemorrhagic shock, is strong evidence 
that this substance is an endotoxin. Shear 
and his co-workers, however, suggest that cer- 
tain tissue polysaccharides which might be re- 
leased during shock as a result of tissue an- 
oxia, might be the agents responsible for ir- 
reversibility to transfusion.** For they have 
isolated polysaccharides from many tissues 
and from plants, which, like the levans pre- 
pared by Hestrin(9) and like endotoxin, bind 
Properdin in the presence of complement and 
magnesium(10), and otherwise behave like 
endotoxins(11).{1 Elsewhere we have stated 
why such substances, if present, do not ac- 
count for irreversibility(1). In particular, 
we find it difficult to accept this hypothesis 
because non-absorbable antibiotics, given 
orally in advance of shock, which cannot pre- 
vent severe and prolonged shock from releas- 
ing such substances, do prevent irreversibility. 
Most of the bloods from rabbits and dogs pre- 
treated with such antibiotics and shocked 
thereafter, are as harmless to recipient test 
animals as is normal plasma(1). Hence the 
lethal substance is exogenous, and the only 
lethal substance that non-absorbable anti- 


** Personal communication. 


| Evidence that the toxic properties of these com- 


pounds are not in fact due to contaminating endo- 
toxins has not yet been provided. 
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70 Fo am Ke em coma Re mene feos ercefooenmmoek 
60 


50 
VOLUME OF 
BLOOD IN 
ELEVATED 40 
RESERVOIR 

MLS, 


30 


) 
60 120 180 240 300 360 
MINS. 
NORMAL ——— 
RESISTANT *----* 


FIG. 3. Rise in the curves represents rate of bleed- 

out from the femoral artery of the rabbit into a 

reservoir elevated so as to keep the blood pressure 

constant at 50 mm Hg. Difference in the 2 curves 

thereafter represents difference in the rate at 

which blood returns spontaneously from reservoir 
to circulation. 


biotics put into the gut are likely to eliminate 
is bacterial endotoxin. 

Since shock plasma contains a transferable 
pyrogen which is nullified by tolerance, the 
pyrogen, like the toxin, is exogenous(12). 
Non-absorbable antibiotics eliminate the py- 
rogen (unpublished data) as well as the toxin 
from shock plasma. Therefore, it can be as- 
sumed that the pyrogen, like the toxin, is of 
bacterial origin, and is presumably the toxin 
itself. 


Summary and conclusions. Rabbits made 
tolerant to bacterial endotoxin tolerate an 
otherwise lethal exposure to hemorrhagic 
shock. Whereas normal, 7.e. non-tolerant, 
rabbits are dead after 6 hours of shock in 
spite of having received all the blood re- 
moved, tolerant rabbits are in satisfactory 
condition after 6 hours in spite of having re- 
ceived none of the blood removed. They re- 
spond promptly when transfused at the end 
of 6 hours and recover completely. The same 
results are secured in rabbits made tolerant 
to, 7.e. pretreated with, shock plasma. There- 
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fore, there is reason to consider the toxin in 
shock plasma an endotoxin. In the rabbit 
tolerant to endotoxin the blood taken after 6 
hours in shock is free of the toxin causing ir- 
reversibility, which is in the blood of non- 
tolerant rabbits in shock. In the rabbit tol- 
erant to shock the granulocytopenic response 
is distinctly different from that in the non- 
tolerant animal. The response is less intense 
and recovery to a normal or above normal 
count occurs while the rabbit is still in shock. 
In the non-tolerant rabbit the granulocyto- 
penia persists throughout the shock period. 
The induction of tolerance to hemorrhagic 
shock by shock plasma as well as by endo- 
toxin supports the view that a bacterial factor 
is responsible for irreversibility to transfusion 
in hemorrhagic shock. The fact that rabbits 
tolerant to hemorrhagic shock can resist a 
dose of shock blood or plasma that is lethal to 
non-tolerant rabbits, and that their bloods do 
not contain the toxin which develops in non- 
tolerant rabbits, supports the view that tol- 
erance to hemorrhagic shock is due to the 
maintenance or enhancement of the normal 
capacity to neutralize bacterial endotoxin. 
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